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Preface

This third volume of the Global 2000 Study presents
basic information (‘‘documentation’ as it is termed
by mod'slers) on the long-term sectoral models used by
the U.S. Government to project global trends in popula-
tion, resources and the environment. These models were
the basis of the projections deveioped for the Global
2000 Study.

Each of the sectoral models described in this Volume
is a Government developed or Government endorsed
model. Most of the models were developed directly by
Government agencies. Three of the models—the GNP
model, the nonfuel minerals demand model, and one of
the population models—were developed by non-Govern-
mental organizations, but have been applied or recom-
mended by one or more Government agencies as being
the best models available for the particular types of
projections they provide.

Collectively, the sectoral models described in this vol-
ume are referred to throughout the Global 2000 Study
as the Government's ‘‘global model.” This term is
more than a convenient means of reference. Collectively
the sectoral models described here provide the U.S.
Government with the same type of projections tkat
other global models provide their user;—projections of
population, GNP, food, energy, minerals, water, envi-

_ronment, etc.

The Government's global model is different from
other global models in several ways. First, the sectors of
the Government's global model do not reside in a single
computer but are located around Washingion (and in
other cities) in the computers of different departments
and agencies, and non-Governmental organizations.
The location of the sectors, however, is only a matter
of convenience. All of the sectors—including those that
are now only computational procedures performed with
a calculator or adding machine—could be placed in a
single computer without altering in any way their
functioning.

An important way in which the Goverment’s global
model diffe.s from other global models is that there are
only very limited interactions among the sectors of the
Government's global model. In most global models, the
various sectors (food, population, energy, watet, etc.)
interact extensively. In the Government's global model
intersectcral interactions are severely limited. Prior to
the Global 2000 Study the primary mode of interaction
among the sectoral models was not via a data channel or
magnetic tape, but via the Government Printing Office
(GPO). The departments and agencies made projections
with théir sectors of the Government’s global model,
and sent the results to GPO. Subsequently, GPO pub-
lished a report. Other agéncies then purchased the

report and transferred the new sectoral projection into

other sectors of the Government's global model.
It is important to recognize that when the Government
departments and agencies designed or adopted the var-
Jogs sectors of the Governmert’s globai model, the sec-
tors were not designed to be used as a well integrated,
collective whole. Instead, it was assumed—impliciy or
explicitly—that each sector (and department) acted
more or less independently of the other sectors (and
departments), and that the glacial interaction of the sec-
tors through GPO was sufficier. .o insure the degree of
internal consistency needed for the Government's global
policy analysis. In recent years this assumption has
come increasingly into ques:ion. Few knowledgeable
analysts now believe it acceptable, for example, to
assune each and every sector will have access to all of
thz land. encrgy, water, and capital that it may need,
§ an assumption inherent in essentially every sec-
ie Gevernment’s global model, an assumption

ws directly from thr lack of integration.
s10bal 2000 Study w s able to increase slightly
t ‘ee of ‘integration in the Government's global
r.ucei by accelerating and expanding somewhat the inter-
actions among some of the sectors. This process first
involved bringing people together. Prior to this study,
not one of tke persons ultimately responsible for the
long-torm global projections in any of the participating
agencies knew anyone wish a similar responsibility in
any other agency. The Global 2000 Study identifjed
these people, brought them together, and found ways to
improve and increase the interactions among the sectors
of the Government’s global model. The results achieved
—described in Volume 2, especially in Chapters 1 and
14—still fall far short of the interlinkages achieved in
many other global modeis.

It is useful to contrast Volume 3 with the model analysis
presented in Volume 2. Chapters 14-23 of Volume 2 were

written by the Global 2000 central staff and reviewed by -

the agencies’ modeling experts. These chapters describe
briefly each of the agencies models, emphasizing aspects
of the models that were important from the perspective
of the Global 2000 mission. The purpose of Chapters
14-23 is to discuss the degree to which the Government'’s
global model can be relied upon to produce a whole,
internally consistent set of projections.

The purposes of Volume 3 are quite different. First,
Volume 3 provides in a single volume the basic docu-
mentation on the Government’s long-term global sec-
toral models relating to population, resources, and the
environment. In some instances parts of these materials
were also presented in Chapters 14-23 of Volume 2 and
are repeated here to provide a complete volume of basic
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documentation.® Second, it provides an explanation, in
the words of the agencies and institutions themselves, of
the structure of their models and the purposes for which
their models were developed. Third, it provides readers
of the Global 2000 Study with access to the basic mate-
rials that were used in writing Chapters 14-23 of Vol-
ume 2. By reviewing the material in this Volume and the
material in Chapters 14-23 of Volume 2, the reader will
obtain a general sense of the individual sectoral models
and the array (and, in some cases, disarray) of their
documentation.

Information on some of the topics that should be cov-
ered in the Volume could not be obtained, and as a result
there are several gaps. These gaps are of two kinds. First,
the Global 2000 Study's projections for technology, fish-
eries, forestry, water, and :he environment are not based
on formal analytical models but rather on various other
techniques of scholarly research, as described in Chapters
19 and 23 of Volume 2, and there is no ‘*model docu-
mentatior:’’ for these sectors to present here.t This
volume therefore focuses only on the population, gross
national product, climate, food, nonfuel minerals, and
energy sectors, Second, even in these sectors where for-
malized methodologies and analytical models were
employed, there are occasional gaps in the available
documentation. These gaps are discussed in the text that
introduces the individual chapters.

To the fullest extent possible the documentation pre-
sented here is reproduced exactly as it was available to

*In some instances the basic documentation for a particular model 15
printed in a volume contaiming other informatson In these cases only
the matenal most central fo understanding the model 15 included
here

tThe water projections are based in par on formal analytical tech-
niques The projections by Soviet hydrologist M I L’vovich are
based on analytical methods described in the English translation of
his work World Water Resources and thew Future, National
Technical Information Service. Springfield. VA, 1976, pp 69-107
Unfortunately copyright laws prohibit reprinting the L'vovich
methodology here.

the Global 2000 Study team.§ As will be apparent from
even a quick review, the documentation on the various
sectors of the Government's global model is of mixed
quality. If analytical models are to achieve even a f ac-
tion of their potentixl for aiding policy analysis and plan-
ning, the quality of documentation must improve, and
50 too must the extent and consistency of interactions
among the sectors of the Government’s global model.

The Global 2000 Study has made important strides
toward these goals. The Government's data and models
have been evaluated and their gaps and weaknesses iden-
tified. In addition, for the first time experts responsible
for long-range global analysis and modeling within the
Government have been brought together to exchange
their knowledge and perspectives on global trends and
to begin developing the capacity to produce interactive,
internally consistent projections.

Thus the Global 2000 Study has set the foundation
for the construction of the type of foresight capability
that the United States will need increasingly in the dec-
ades ahead. The task of strengthening this foundation
and building upon it should continue, ultimately draw-
ing together the best of what the Government and the
private sector have to offer in the field of long-term
analysis. It is with this task in mind that the material in
this Volume is presented in the framework of the Gov-
ernment’s ‘‘global model."

A special note of thanks must be extended to Mr. Bardyl
R. Tirana, Mr. Clifford McLean, and Mr. George Divine
of the Defense Civil Preparedness Agency (later reorga-
nized as the Federal Emergency Managcment Agency) for
providing the funds for the preparation of this volume
of the Global 2000 Study.

Gerald O. Barney
E Jitor and Study Director
January, 1981

§In one case some additional documentation became available after

completion of the Global 2000 model analysis. Reference to this
additional matenial 1s made n the text introducing the energy
chapter
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1 The Population Sector (Bureau of the Census)

Introduction

Two sets of population projections were developed
for the Global 2600 Study, one by the U.S. Bureau of
the Census (Census) and the other—at the request of the
Population Office of the U.S. Agency for International
Development (AID)—by the Community and Family
Study Center (CFSC) at the University of Chicago.' The
CFSC projections were included because they are used
by the Population Office of AID to illustrate how effec-
tive, well-funded family planning programs might reduce
world fertility. Documentation for the population model
used by the Bureau of the Census is presented in this
chapter. Documentation on the CFSC model is presented
in Chapter 2.

Basic documentation for the Census population pro-
jection model is prescnted in the following section en-
titled *‘Population Projections.’’* This section describes
several general methods by which the Bureau of the
Census develops population projections, and describes
specifically the cohort-component methodology which
was used to develop the Global 2000 projections.

In addition to the general information on the cohort-
component methodology, the Bureau of the Census pre-
pared more specific and detailed information on the
methods and assumptions used in developing the Global
2000 projections. This more specific information is pre-
sented here in two sections, ‘‘Projection Methods’’* and
‘‘Sources of Base Year Data and Projection Assump-
tions.’’* The second of these two sections provides detailed
' rationale for the specific fertility, mortality, and migra-
tion assumptions tkat underlie the Census projections.

When the Global 2000 food projections were com-
pleted, they showed several countries in central Africa
experiencing a significant decline in per capita food con-
sumption. The Bureau of the Census was asted about
the consistency of its mortality assumptions vis-a-vis the
U.S. Department of Agriculture (USDA) food projec-
tions. Census replied by memorandum on December !5,
1977, indicating that, as best one can tell, the Census
aud USDA projections are consistent. The memorandum
from Census is reproduced here.

The Bureau of the Census made a supplemental pro-
jection of world population through the year 2100 at the
request of the Global 2000 study team. This projection
assumes a continuation during the twenty-first century
of fertility and mortality rates projected in the Global
2000 medium case for the year 2000. The results of these
projections are presented here. It is interesting to note
that the annual percentage increase in the world’s popu-
lation declines until the middle of the twenty-first cen-
tury, and then increases somewhat as the still rapidly
growing less developed country (LDC) populations be-
come a higher percentage of the world’s population. In
this projection, the world’s population approaches 30
billion by 2100, and the peccentage of the world’s popu-
lation living in LDCs increases to 94 percent.

The Bureau of the Census has an ongoing program of
updating its projections, and after the Global 2000 pro-
jections had been printed in Volume 2, Census developed
some updated figures for a few countries and a new total
for the world based on the updated estimates for the few
countrics. The world total projected for 2000 is about 3
percent lower in the new projections. Tae updated infor-
mation is discussed briefly in Volume 1 of the Global
2000 Report and is presented fully here.

Finally, Census prepared several tables and graphs
comparing its projections and assumptions with those
of CFSC. These tables and graphs are presented in the
last section of this chapter.

References

1. See The Global 2000 Report to the President, vol 2, pp. 1, 302.
2. “‘Population Projections,’” in Henry S. Shryock, Jacob S. Siegel,
and Associates, The Methods and Materials of Demography, vol. 2,
Washington: Government Printing Office, 1971, pp. 771-806.

3. “‘Projection Methods, '’ in U.S. Department of “ommerce, Bureau
of the Census, Jllustrative Projections of World Populations to the 21st
Century, Washington: Government Printing Office, 1979, pp. 13-18.
4. “Sources of Base-Year Datu and Projection Assumptions,’’ Appen:
dix B in ibid., pp. 95-116.
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Population Projections

INTRODUCTION

The Nature and Types of Population Projections

The distinction was made between projections and current
estimates in the previous chapter. As may be recalled, current
estimates make use of actual postcensal data from the recent
past in the form of vita! statistics, tabulations from populati~
registers, or statistics that are merely correlated with popu-
lation change. Where there are no such data, the current esti-
mate reduces methodologically to a short-range projection;
but even here account could be taken of qualitative information
concerning, for example, a natural disaster, war, famine, epi-
demic, or mass migration. Conventionaily, projections into
the future make no attempt to speculate about such possibl-
ities because they are essentially unforeseeable.

Although we think of projections as applying to future popu-
lation, the projection may also be into the past. There is some-
ti...es interest 1n historical figures for dates preceding the first
census. One way of making such a "precensal” estimate is to
project the population backward by essentially the same tech-
niques that are used for making forward projections.

The distinction should be made between projections and
forecasts.! When the author or the subsequent user of a projec-
tion is willing to describe it as indicating the most likely popula-
tion at a given date, then he has made a forecast. At the other
extrerie, a model worked out to illustrite certain analytical

relationships, on assumptions that are described as highly °

unlikely, would not be regarded as constituting a forecast of
future population growth. It is apparent that, in this usage, ali
forecasts are projections but not all projections are forecasts.

Population projections, then, are essentially concerned
with future growth. They may be prepared for the total popula-
tion of nations, their principal geographic subdivisions, or
specifig localities within them. Projections may also be prepared
for rphidence classes, such as urban and rural population and
-locality classes. The principal characteristics for which
tions need to be made, are age and sex. Projections may
also be made for various social and economic subgroups of
the population and for other demographic aggregates. The
most frequently required und produced are projections of the
population in terms of (1) educational characteristics (i.e.,
enroliment and attainment), (2) economic characteristics (i.c..
economically active population, employment distributed by
occupation or industry), (3) social aggregates like households

'John V. Grauman, “Populaion Estimates and Projections™ 1n Philip M
Huuser and Otis Dudiey Duncan (ed ). The Studv of Population, Chicago,
Umiversity of Chicago Press. 1939, pp 544-375; and Irving Siegel. “Tech-
muly ”Chlul and Long-Run Forecasting.” Journal of Business_ 26(3)- 146,
July 1953,

e

and families. This chapter is concerned with projections of the
total population of countries and their geographic subdivisions
and with projections of the age and sex distribution in such
areas. Other types of demographic projections are considered
in appendix A. .

Uses or Population Projections

The principal uses of population projections and other
demographic projections relate to government or private
planning. Demographic projections may be used directly o
as the basis for preparing other more specialized types of
projections. These include, for example, projections of the
expected number of retirements from the labor force in a given

. period. and of the requived number of teachers or classrooms.

housing units, medical personnel and facilities, etc. The users
include national and local governments, business firms, labor
unions, university research centers, and social service organiza-
tions. A fairly detailed discussion of these uses and users is
given in a recent publication of the United Nations.? The less
advanced countries of the world have recognized the necessity
of making concrete, comprehensive plans for achieving specific
goals of public policy related to accelerating their social and
economic development. A first step in planning is to study
relevant aspects of the population and economy both at the
present time and in the recent past. As the United Nations
notes, “'such study provides a basis for projections represent-
ing plausible future courses of development under the assump-
tion that future conditions will evolve in an orderly” manner
from those of the present and past.” * In addition to the uses
in the field of planning, there are important uses in demugraphic
analysis and related types of scientific studies.

PROGRAMS OF POPULATION PROJECTIONS

International Programs

Som¢ of the international agencies have both comgiled and
published national population projections and made their own
projections for the world and regions. They have provided

* United Nations. G eneral Principles for National Proxrammes of Population
Projecthons as Auds 10 Development Planmng, Series A, Population Studies.
No 18, 196§

dbd. p. 2

Nore —This chapter makes substantial use of Background Paper WPC/WP/
454, Prujections of the Total Populaon and n{ Age-Sex Stru ture, by Henry §
Shryock. jr. und Background Paper WPC/WP/494, Projections of Urban und
Rural Populution and Other Sociv-Economic C haracteristics, by Jacob S. Siegel.
hon; prepared for the United Nanons World Population Conference. Belgrude.
1961




FOPULATION PROJECTIONS 3

leadership in many aspects of concepts and methodology and
have published a number »f instructional manuals.

The United Nations has published two comprehensive sets
of population projections for the countries of the world, one ,n
1958 and another in 1966. The later report presented projec-
ticns of the total population of the world, major areas, and
regions for 1960 to 2000. and projections of the total popula-
tion of each country for 1960 to 1980." These piojections take
into account the results of censuses taken in many countries
in 1960 and 1961. The 1958 report also presented projections
of the future population of the world, regions, and countries,
but on the basis of the censuses taken around 19505 For
various dates between 1954 and 1959, the United Nations also
published rather detailed projections by sex and age groups
for certain regions and countnes, particularly in Central and
South America and Asia.* Earlier, the League of Nations had
sponsored the publication of a set of comparable projections
for the countries of Europe and the Soviet Union.?

Projections for groups of individual countries have been
compiled by various internaticnal regional agencies — OEEC
(OECD), 1ASI, ECLA, CELADE, the Canbbean Comis-

sion.* The regional Demographic Training and Research Cen- *
ters of the United Nations, which may work in cooperation

with various national igencies or umiversities, have produced
sets of projections for some of the countries in their region. For
example, CELADE, which is jointly sponsored by the Uni-
versity of Chile, has published projections for many countries
of Latin America.

Other sets of projections for groups of countries have ix:en,_

prepared by individual governmerts or private organizations or
offices.® The United Nations has not presented in the Demo-
graphic Yearbook a compilation of population projections made
by national agencies.

Comparability. — !nternational agencies have not made direct
recommendations regarding the specific form and methodology
of projections to their member countries, or set standards of the

*United Nations. World Popalation Prospects us Assessed in 1963, Senes A.
Population Studies. No 41, 1966

*Umited Nations, The Future Growth of World Population, Sevies A, Popula.
tion Studies, No 28. 1958 Earlier sets of world population projections were
published by the Umitcd Nations in “The Past and Future Grovith of World
Population- A Long:-Range View,” Populution Bullenn. No 1, 1952, and
“Framework for Future Population Estimatés, 1950-80. by World Regions,”
Proceedings of the World Pojpulation Conference. 1954 (Rome), Vol 111, 195$

*United Nations. The Population of Central America Uncluding Mexic o)
1950-80. Senes A. Population Studies, No 16, 1954, The Population of South
Americu, 1950-20. Series A. Population Studies. No 21, 1953, The Population
of South-Eust Asio Gncluding Cevion and China  Tamwam), 1950-80, Senes A,
Population Studies. No 10. 1959, and The Population of 4sia und the Far Eust
1950-80. Senes A, Population Studies No 31. 1959

"Frank W Notesten et al . 1 he Future Populution of Europe and the Soviet
Union Population Progections. 1940-70 (Geneva. | eague of Nations. 1944

* Orgamzation for European Economic Co-operation. Nemogruphic Trends o
Western Europe and in the United States. 1956-76. Pans. 1961, Orgamzation
for Economic Co-operation and Development. Demographie Yrends in Western
Europe and North Amerca ' 165-80, Pans. 1966 Interamencan Statistical
Institute, Panamencan Unic  imerica en cifrus 1969 Proveccion de lu pobla
ton por sexo y grupos de edud, 1961 -81 (America in figures. 1969 Projec on of
population by sex and uge. 1961-81), Washington. D C . 1969, Canbbean Com-
mission, The Demographic Problems of the Area Served by the Canbbean Com-
mission Projections prepared for the Technical Conference on the Demographic
Problems of the Area Served by the ("anbbean Commission, Port of Spumn. Trini-
dad, July 25-Aug 2, 1947 A}

“France, Service de cooperation, Institut national de la staustique et des
études économiques. Perspecines de populution dans les pass nfricamns et
Malgache d'expresston franguse, Ewude de svnthése des enquétes demographs-
ques recentes (Projections of popalation in the French-speaking « ountries of
Africa and the Madagoscar regon). Pans, December 1963, U S Bureau of the
Census. International Populution Reports. Series P-90 and P-91, Nathan Key-
fiz and Wilhelm Fhieger. World Populanon An Analvsis of Vital Data. ( hicago,

* M. University of Chicago Press. 1968, and Nathan Keyfitz and Fdmund M

ERIC

Aruitoxt provided by Eic:

Murphy, Comparative Demugraphic Computations. Population Research and
Training Center. Unwveruty of ( hicago. ¢ i-cago. 11} . 1964

1y

type found in the case of censuses and vita! statistics. The
United Nations has set down some guiding principles, however,
noting that “both the requirements of population projections
and the available resources to satisfy thcse needs differ from
country to country, and uniform prescriptions would not be
suitable for all countries; therefore, . . . guiding principles
. are formulated n such a way that they can be adapted in
cach country to nationa! needs and available resources. These
principles will also help to achieve as much international com-
parability of projections as is compatible with existing differ-
ences in national needs and resources.” 1
The national projeciions prepared by national agencies have
been assembled in unified reports issued by international
organizations or. various occasions, and these sets of projec-
tions have followed common guidelines in varying degrees.'!
The national projections made according to a common set of
assumptions and methodology by a single agency or office are
much more likely to be comparable, however.!* Even here,
however, comparability is affected by differences in the avail-
ability and quality of the basic national data. In fact, a uniform
methodology tends toward the least common denominator
of what 1s avaiiable. The dilemma then is whether to have more
regard to uniformity or to the inclusion of those individual
projections that are noteworthy for sophisticatior of assump-
tions, dat;, and methodology. The most recent study of wond
population prospects by the Umted Nations attempts to
embrace the best features of both approaches.! The population
models developed at the United Nations also provide a unifying
framework for assumptions concerning future trends in the
components of population change. Underlying these models,
there seems to be a theory of demographic transition, although
Grauman and others have characterized the demographic
transition as one of the discredited laws of population growth.!*
In a very general way, there does seem to be such a phe-
nomenon although demographic changes in a given country
may not conform very closely to xny of the models.

National Programs

The best sources for the population projections prepared by
national governments are the publications of the governments
themselves. As was mentioned in the preceding section, some
of these projections have been iucluded in international
compilations although in these compilations they have often
been abridged in detail or even adjusted 1n some fashion in the
interests of comparability. The scope of national population
projections programs varies enormously in respect to resources
devoted to them, frequency and detail of the projections, and
the kind of publication, including the extent of the explanation
of the methodology and assumptions, the analysis of the results,
and the interpretation of the future trends implied.

As far as the ¢alculations themselves are concerned, the
methodology, computational procedure, and the detail of the
resulting figures will depend upon a number of factors, includ-
ing particularly thz needs of the national government and of

' United Nations. General Principles for National Programmes of Popudution
Projections us Aids to Development Planmng. p. | .

'""'See. v example. Orgamzation for European Economic Co-operation, op
ot

" Erance. Institut national de statistique et des études économiques, op ol ,
Keyfitz and Fheger. op cit, Keyfitz and Murphy. op ot , Notestein e al,
op ot . vanous United Nations publications cited

3 nited Nations. World Populinon Prospects us Assessed i 1963, pp
44-4%

" (Orauman, op cit., p 551
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various sectors of the general public (which will affect the
resources to he devoted to a program of population projec-
tions), and the availability of time, basic data, trained demog-
raphers, electronic computers, and competent programmers.
Rather elaborate sets of projections from the standpoint of
the number different series published “err made even in
the days bef@e-the electronic computer, however. The 16
series of projections made in the 1940's for the Royal Com-
mission on Population (Great Brita'n) were all done on desk
calculators, as were the 12 series of U.S. projections made by
Thompson and Whelpton for the National Resources Planning
Board.'s Nowdays. the elaboration of the work 1s likely to
come in terms of the specificity of the "input’ data (disaggrega-
tion in terms of race, mantal status, panty, cause of death,
etc.) and the detail of the “output” data rather than solely in
the number of combinations of assumptions

Many countries have recently pioduced their first official
populatign proiections, often as a basis for their formal plan
of economic development. Other countries have previously
produced one nr more sets of projections and their program
involves updating the figures from time to time, taking account
of the rapidity with which the demographic situation 1s ~hanging
and particularly the suspected occurrence of a turning point in
previous trends. Some countries change their project.dns at
frequent intervals if they are repeatedly getting out of hine with
actual demographic developments.

Although virtually never dees more than one national agency
in a country take a census or register vital events. it 1s not
unusual for more than one agency to prepare the same type of
population projections or projections of such demographic
aggregates as the labor force, the population attending school,

or skilled manpower. In other countries, several agencies may
have a division of labor with regard to these different kinds of
projections. In still other countnies, the responsibility for pre-
paring official projections of various kinds may have been
assigned to a single agency Sometimes the work of nreparing
official projections may be contracted to a person or organiza-
tion outside the national government. An example of such an
arrangement 1nvolving an international agency was mentioned
above (1.e., League of Nations).

The projection: differ from one country to another as to the
method employed. This method may often involve the separate
projection of the components of migration, births, and deaths,
particularly where adequate vital statistics are available. For
a given country alternative projections may be derived with
different assumptions as to migration, or fert:hity, or mortality,
or a combination of these components.

Tables 24-1 and 24-2 provide illustrations of official
projections published by national agencies in the less developed
countries. Table 24-1 gives a summary of projections for Pakis-
tan according to thre2 assurptions regarding future fertility
after 1960—(b) constant ferulity: (I1) constant fertility until
1970. then 30 percent linear decline to 1985, constant there-
after. (I13) constant fertility until 1965, then 50 percent linear
decline to 1985, constant thereafter. Panama's projections also
employed three fertility assumptions after 1960— (1) Increasing
fertility, (I1) constant fertility, and (111 ) decreasing fertility (table
24-2). Projections of age-sex distributions usually accompany
projections of the total’ population in national reports. Less
commonly, the reports include projections of various charac-
terist.cs of the population, such as urban and rural and eco-
nomically active populations

Table 24-1.—Projections of the Population of Pakistan by Sex According to Three Assumptions

Regarding Fertility: 1965 to 2000
[In thousands. Midyear population]

N

Sex and sssumption 1960 1658 1970 19°s 1980 1985 1990 1995 2000
BOTH SEXES ;
97,720 113,948 134,939 163,027 200,009 247,25 305,767 378,718 470,546
€7,720 113,548 134,939 159,69 188,328 219,903 243,704 305,141 359,413
97,720 113,948 | 131,667 151,582 172,98 193,810 218,515 246,471 276,874
3 i
50,455 | 58,891 69,652 ' 33,963 102,746 126,728 156,476 193,618 240,421
50,455 58,881 63,652 82,261 96,764 112,714 132,359 155,915 183,478
50,455 58,881 67,781 78,107 88,906 99,346 111,770 125,858 141,197
]
3
!
47,265 55,067 €5,287 79,064 97,263 120,525 149,291 185,100 230,125
47,265 55,067 £5,287 N,437 51,564 107,189 126,345 149,226 175,935
Asoumption I1Z....v.vnvnvvnnrns 47,265 55,067 63,686 73,475 84,078 9%, ,464 106,745 120,613 135,676
—_d —— — e —— ——

Source Adapted from. Pakistan | istitute of Development Econo;@ Population Proec tions for Pakistan 1960-2000,by 1 ee I. Bean. Masthur Rahman Khan.
and A Razzaque Rukanuddin, Karachi. January 1968, table V., p 28

* United Kingdom. Royal Cor mission o~ Population, Papers of the Royal
Commission on Popuiation, Vol 1. Repourts and Selected Papers of the Statstics
Commuttee, Lgndon. H M- Stationery Office 1950. and U S Nanonal Resources
Plunning Board. Estimates of Fature Fopulation of the United States. 1940~
2000 by Warren S Thompson and Pascal K Whelpton. August 1943

1
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Table 24-2.—Percentage Distribution by Broad Age Groups of the Projected Male and Female
Population of Panama, According to Three Fertility Assumptions: 1960 to 1980

e
Male Female
Age group
1960 1965 1970 1975 ] 1980 1960 1965 1970 1973 1980
ASSUMPTION 1
Totaleesoss Sieerssanntescens 100,0 100,0 100,0 100,0 100.0 100,0 100,0 100,0 100,0
Under 15 yetrs.....ccouenee 43.32 43,96 45,07 46,04 46.72 4414 45.03 45.85 46.41
15 to 44 yORTE...00evnnnnn 41.48 40.67 33.82 39,38 39.39 41.16 40.40 39,98 3%. 1
43 t0 64 YORTE...i0eicennnnens 11,67 11,72 11.59 11,04 10.19 11.02 10.96 10.62 10.02
65 yoars and OVer....eiiiieseneniae 3.5 3.63 3.52 3.54 3.70 3.68 3.61 3.55 3.66
ASSUMPTION II
- P 100.0 100.0 100.0 100,0 100,0 100.0 100,0 100,0 100,0
Under 15 years......covevenesnnecees 43,32 43.90 B : 1 45.49 45.88 44,08 44,78 45,31 45.57
15 t0 44 yours...oiveeeinennns cenea 41.48 40.72 40.00 39.78 39.99 41,21 40.58 40,38 40,52
45 10 64 yOATS....00000nenn sessssans 11.67 11.7% 11.65 11.15 10.37 11.03 11.01 10.73 10.18
63 years and OVer....c...eeeeectecnee 3.53 3.%4 3.5 3.58 3.76 3.68 3.63 3.58 3.73
ASSUMPTION 111
Totaleseriisesnseenssencannnsnes 100.0 100,0 100.0| 100.0 100.0 10,0 100.u 100,0 100,0 100,0
L)
Under 13 youTS. . ..ieviirseseecanenes 43.32 43,80 o4 4k 44, 44,69 43,59 43.97 &4 .40 &4 54 44,38
15 t0 44 yerrs,..oviveivnennnnnenns 41.48 40.79 40.27 40.35 ~%0.84 41,78 41,29 40.86 40 95 41,38
45 €0 64 YERTS....000ereninanssasens 11.67 11.76 11.73 11.31 10,62 11.03 11.05 11.7% 10.88 10.43
65 yoare and over..:. . cissessescnsss 3.53 3.65 3.56 3.63 3.95 3.60 3.69 3.65 .63 3.8

Source Adapied from, Panama. Lireccion de estadistica y censo. Eviadisiica Panamena, Supplement. El crecimiento de la poblacion Panameha en eliperiodo

1950 a 1980 (Growth of the population of Panama in the peniod. 1930 to 1980), by Vilma N Médica, Panamé. 1966, table

Programs of State and Local Governments and of Private
Crganizations :

In some countries, where many planning activities are carried '

out by state (or provincial), regional. metropolitan. or local
agencies, a very large number of demographic projecucns may
be produced and even published. These vary greatly in so-
phistication and form of presentation. Universities. private
research institutes, and business organizations have added t>
the volume of available projections. An indication of the kinds
of State and local agencies in the United States that prepare
population projections was obtained as a by-product of an
inventory conducted by the Bureau of the Cgnsus regarding
programs of current population estimates.'*

The picneering work of Warren S. Thompson and P. K.
Whelpton of the Scripps Foundation in developing the compo-
nent method has had an enormous influence on subsequent
work around the world. Their projections for the United States
were adopted as the official L . Government projections in
the 1930's and early 1940°s; however. by the midfortie. the
method and the official responsibility for prepanng projections
were taken over by the Bureau of the Census. The Scripps
Foundation returned to this field in the late fifties and sixties
when Whelpton and his associates developed projections of
the U.S. population on the basis of fertility *‘expectations”
data obtained from the Growth of American Families Studies.
In an carlier generation, the logistic curve. promoted by
Raymond Pearl and Lowell ). Reed of Johns Hopkins Um-
versity, was a tool widely used by demographers and others
in the projection of future population growth. both in the
United States and abroad (ch. 13).

“US Bureau of the Centis. Carrent Popalatipn Reporss. Senes P-25.
No 328. “Inventory of St2'# and l.ocal Agencies Prepaning Population Est.-

' mates Survey of 1965.” Maich 8, 1966
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GENERAL ISSUES AND PRINCIPLES

Thc. Framework of Assumptions

Basic Assumptions. — It is almost commonplace to preface
published projections with a statement that it is assumed that
the area will not be visited by a war or a natural disaster.
Furthermere, no attempt is made ordinarily to allow for future
economic fluctuations of a cyclicai nature. Of course, the age-
sex structure of the population, the marital status and cumula-
tive fertility of its women. and other measures of its current
demographic status reflect the impact of such eveats in the past.
The reports presenting the projections do sometimes state that
conditions of nearly full-employment are expected to continue
or that the gross national product 1s expected to increase at a
given percentage per annum—even though relatively littie is
known about how variations in these economic phenomena
affect population growth.

Number of Series and Combination of Assumptions. — Because
of the evident uncertainties regarding future populatioh
changes. it is desirable to present more than one series of
projections, in the case of both national projections and
subnational projections. These may represent combinations
of multiple assumptions concerning one or more of the compe-
nents of population change. For example, there may be high,
medium, and low assumptions for mortality and fertility. The
high assumption may represent constant mortality or fesiility;
o all assumptions may call for decline and the variations may
relate only to the date of onset or the rate of decline. In our
era, increases in these components are regarded as very un-
likely in many countries.

The various combinations of assumptions regarding fer-
tility, mortality, and migration may give rise to a very large
number of series of populaticn projections. The 16 projection
series published by Great Britain's Royal Commission on

g
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Population, mentioned above, were chosen from 250 possible
combinations. All tlee published projections were desc.ibed
as reasonable possibilities; the other combinations were not

worked out became particular levels or trends of mortality
did not seem compatible with particular levels or trends of
fertility. Thus, it would be very untikely that expectation of
life at birth would rise to 70 and coatinue at that high level
while fertility remained constant, say at a total fertil.ty rate
of 6.0. Such combinations have never been observed in demo-
graphic history; and they would imply remarkable incon-
sistencies with regard tc modernizing developments jn the

fields of m.edicine, public health, economic development, and i

attitudes toward marriage and the family.!”

One series may be designated as *'most probable” or as u
"best judgment™ series. This usage indicates that an effort 48
being made to “forecast” and not just to “project.” The
medium or .:ntral series is ordinarily taken to be the most
probable series. If only three series are prepared, the distri-
bution of the high and low series about the medium series
does not bave to be symmetrical, but the usefulness of the
projections is enhanced if the series are at least roughly sym-
metrical. The range from the highest to the lowest of the
“'reasonable™ series presented may be regarded as a rough
indicator of the degree of uncertainty regarding future popula-
tion change. It is doubtful wheiher the range should be inter-
preted in a probability sense, however. {See the discussion
below of the accuracy v projections.) One series nay usefully
be included in a set of projections which represents a ‘“‘con-
tinuation of. current levels.” When we apply this general as-
sumption to fertility, we have to choose armong the severa
ways of measuling the level of fertility as well as the calendar
year r group of yeais which is “current.”

“Principa! and Analvtic Series. — The series we have just
described may or may not all represent reasonable possibilities.
Assumptions or combinations of assumptions regarded as very
unlikely of attainmen: may be presented for their analytical
value or to set an upper or lower limit within which population
growth is virtually certain to remain. Series I of the projec-
fions made for the United States in 1958 represc.its an ex-
ample of the Iatter type.'* Another example is provided by the
projection series for South Korea that was based on the
assurrption of the continuation of current mortality and
fertility levels. The report noted that the assumption is not
realistic, but-it was included because it provided a useful bench-
mark against which to‘theasure the effects of decliming mortal-
ity.” The difference beiween the series allowing for dechning
mortality and the model analytic series assuming constant
moriality would represent the effect of declining mortality.

As suggested above, in these and other examples, certain
series may be characterized as reasonable possibilities and
others as unreasonable possibilitics. A more explicit way of
distinguishing the two kinds of projections is 16 include some
or all of the former as “principal series” in the regular tables
of the published report and to plac= the latter in an appendix
a8 “ajiytic seiies,” including any series that were elaborated
simply to serve as a buachmark for the other series. An
appendix may also include reasonable series which represent

' United Nations, Worl:' pulation Prospects as Asses«ed in 1963, pp 47-48
.S. 48, Current Population Reports. Senes P-25. No
187, “liustrative P tior.. of thé Population of the United States, by Age and
Sex: 1960 to 1980," Nov. 10, 1958

* Republic of Koren. Economic Planiing Board. The New Population Pro.
Jections for Korea: 1960-2000, Seoul. 1964. p 39

ssumptions, senies derived by a method that
n cxperimental stage, etc.

im.amedi'te
still ma be

Length of Projection Period

Projections may extend for varying numbers of years into
the future depending upon the type of area in question, the
needs to be served, the concéption of the problem by the
analyst, and the available resources. Projections made nearly a
century ahead by the U.S. Social Security Administration, as a
basis for the long-range cost estimates of the social security
system of the Linited States, represent one extreme.® The
projections'for Great Britain made for the Royal Cemmission
on Population also extended a century ahead, covering the
period 1947 to 2047. Projections of just 2 few years used for
short-term economic analysis represent the other extreme.
Long-t>rm projections (over 25 years) are needed in connection
with the development of .water and forestry resources. major
transportation and recreational facilities, and pl.-nning for pro-
vision of food, whereas ouly middle-range projections (10 to
25 years) are required for planning educational and medical
facilives and services, and housing nesds. Relatively simple
methods may be used both for short-rangs projections (under
10 vears) and for the extensions of middle-range projections
beyond 25 years. For pr-jections up to 25 years ahead the more
claborate methods are usually employed and are recommended.
Differences in the accuracy of national and subnational pro-
jections suggest that, in general, the latter be extended for sub-
stantially fewer years inio the future (see below).

Frequency and Nature of Revision

There is, in general, a real problem as to how often an orga-
nization shuuld revise its projectiors and how fundamental the
changes should be. Primary factors pertinent to these decisions
include: (1) The extent to which the present projections are out
of hinc with current estimates, (2) the mere passage of time, say
a few years, during which at ;:ast some of the series of projec-
tions must deviate from the current estimates, (3) the avail-
. bility of additional data, not only for more recent periods but
also (more refined data) for earlier years, (4) edvances in meth-
odology. Secondary factors include (1) the availability of re-
sources and (2) the need to meet an established publication
sche _ie. The revision may consist of merely “splicing in"* ad-
Jjusted projections for the next few years or of making a sr
absolute or ratio adjustment of all the original projections, in
order to make them consistent with newly available currerit
data. In such cases the basic assumptions are not otherv ise
modified. In other cases, the most recent data may suggest the
need for major modifications in the basic assumptions and
hence a recalculation of all the projections.

Detail of Presentation

National reports on population projections will differ greatly
in the detail shown, but they should be fully informative as
to how the projections were made. In addition to the principal
series, the report may usefully present a number of supple-
mentary series; including additional combinations of the basic
assumptions and analytic series. Single ages or broad age
groups and annual or quinquennial figures may be presented.
depending on the quality and need for the figures. When there
are many series, the age or chronological detail may be abridged

*US Social Security Administration. Office of the Actuary, “Umted States
Population Projections for O ASDHI Cost Fstimates ™ by Francisco Bayo.
At tuarial $tudv N 62, December 1966
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for those series that are not considerea the principal series.
The text should fully discus- the choice of assumptions, the
methodology, the resulting projections, and even their implica-
tions. It is useful alsc to present the relevant information on
the past trends of the comzonents of population change which
were taken into account in choosing the assumptions, the
implied birth and death rates at future dates. and other demo-
graphic summary measures

METHODOLOGY

Some Methodorogical Principles

rrom the above discussion of principles, several conclusions,
or indeed recommendations, regarding methodology emeie.
The choice of methods, althcugh affected by the other con-
siderations mentioned, should be determined primarily by the
data available. The availabiity of adequate statistics on the
age-sex distribution of the population and of adequate statistics
on_age-sex-specific fertitity and mortality ordinarily calls for a
coﬁon-componenl method. Using thgoretical mogéls, the
cohort-component method may also be employed without
benctit of recorded age detail for fertility and mopfality. Even
if there are some defects in the basic data, howdyer, it may
often be advisable to adjust the data rather tha have
recourse to a more theoretical model. More tiine may then
need to be spent on evaluating and adjusting the basic data
than on computing the projections.

The trend toward refinement of the methodotogy of popu-
lation projections has led to increased specificity of the as-
sumptions and the estimation categori€s on the ground that
more accurate assumptions can be made for those more specific
categories. The impetus toward specificity derives in part
from the thesis that the quality and usefulness of projections
will be enhanced by employing a method whose steps parallel
the order of events in ieal life. This principle I}gi%:lhe use

of methods based on birth or marriage cohorts®and specific
rites for the frequency of events affecting thése cOhorts ‘as
they progress through life In its fully developed form :ekﬁm
a population model.

In order to take advantage of the n.ost up-to-date knowl-
tdge of recent events, the benchmark of the projections should
be the latest postcensal estimates (including sc nple survey
estimates) or, failing that, the latest census counts. There
would ordinanly be only one set of population figures at e
benchmark date; however, If the current estimates are & o-
Jject to considerable error, including sampling error, a ransc
of estimates may be employed. For later dates, there shoul
be at least two pninc qal projection series. Moreover
various series in a single set of projections should conts
to some general system of projections, permitting easy com-
parison of the assumptions and results. Finaily, the assump-

- tions of cach pnincipal series should be: mutually consistent

and should not represent an unreasonable comhination of
developments.

Classification of Methods

The methods of making projections may be classified in a
num - of different wvays. Qne possible way is to distinguish
those that can be applied independently to any type of area
from those that are dependent on or require antecedent pro-
jections for other areas. The latter class of methods includes
(1) summing of projections, as in the case of adding country
projections to secure regional or world population totals,
12) obtaining a projection for one area on the hasis of changes
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in some other similar area or more inclusive area for which a
projection 1s already available. The latter procedure covers a
wide range of techriques: e.g.. distrihuting the projected
population of an area aniong its subdivisions taking account of
the past proportionate distribution (ratio methods) and pro-
Jecting the components of population change for an urea on
the basis of changes in these components for a similar area or
more inclusive area for which such projections are already
availat.le Most typically, the independent methods are applied
in the case of national populat:ons, but they could be employed
1o project the population of any type of area from the world
total to a particular locality. These methods include mathe-
matical methods and component methods applied at any
geographic level, but particularly at the national level. Even
here the results over a number of areas may be adjusted 1o
population figures for a parent area. In “act, it 1s a principle
of population projections to extend the degree of interdepend-
ence where possible to assume consistency of assumptions
and-results for the various areas for which projections are
being prepared.

Another typology of the methods distinguishes among mathe-
matical and rztio methods, various methods using a series of
indicators of population change, component methods, and
combinations of these. The mathematical methods employ
relatively simple mathematical equations to describe the
nature of future population change of an area. taken as a whole.
The component methods involve the separate. projection of
mortality, fertiity, and net migration. The methods using
indicators of population change embrace a variety of pro-
cedures, some estimating total population directly, others
estimating net migration only, which 1s then combined with a
separate estimate of natural increase. The indicators (e.g.,
employment, per capita income. etc.) may be used to project
population or net migration by a regression or a ratio procedure.

The description of methods will begin with those methods
applicable to national populations. It is convenient to con-
sider the projection of the age-sex distnbution of national
porulations at the same time because the totals are often
obtained by summation of projections for age groups. Projec-
tions for the principal geographic subdivisions of countries
are then considered. Again, projections of the age-sex distribu-
tton for such areas are considered at he same time. As men-
tioned earher, projections for certai1 social and economic
subgroups of the population, includWg urban and rural groups,
the enrolled population, and the labor force. and for social
ageregates like households and families are considered in
appendix A, These are often derived from prior population
projections for the area containing the subgroups. but the
process may be reversed. ‘ith the projection for the total
population being obtained by summation over a set of projec-
tions for the subgroups or by ratic estimation from the pro-
Jections for social aggregates. .

National Projections of Total Population and Age-Sex
Composition ;

Methods of preparing nationil projections of total popula-
tion fall very simply into twc classes, mathematical methods
and component methods. As is indicated later. the component
method 15 usually the mettod of choice, but there are many
variations of the component method and results may differ
substantially from one variation to another. Mathematical
and component methods may also be employed as principal
methods of preparing projections of age-sex distribution for
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countries “They may be combined with ratio procedures as
subsidiary elements 1n the method, as, for example, when the
percent distribution of a population by age is projected by a
mathemratical formula. The component method is also the
method of choice for prepanng projections of age-sex distribu-
tion, this 15 so even when very limited historical data on
components or component data of doubtful quality are avail-
able. In the latter situation. these data must first be corrected
before the actual projections are calculated.

Mathematical Methods. — Mathematical methods are simplest
conceptually. usually require relatively httle time to apply.
and historically antedated ti+ use of component methods The
mathematical methods nvolve application of some mathe-
matical formula directly to the total population from one or
more censuses, to derive projections cf total population. The
mathematical equations useful for prepanng projections
correspond to those described in chapters 13 and 22 for
measunng population change or for extrapolating time series.
The number of mathematical forms that could be used to
project population could be extended far beyond those cited
there, but very few of these are actually employed. For pro-
secting total population, oolynomial forms, including hnear
extrapolation. have httle apphcauon, especially over the
long-term. Various evponential forms uare widely used. how-
ever. These include the geometric curve, with (1a' annual or
(1b) continuous compounding. and (2a or 2b) the logistic curve

Pr=P,(1 +ry (la)
or
P,= Pt . (M
1
P, = Q24
1y b
ae "
or P K
N R b

where 1 15 the growth rate. 1 1s the number of years, « and b
are.con<tants. and ¢ 1s the base of the naturai ssstem of loga-
rithms. In (2). the copstant 1/a or K is the upper asymptote

For making a population projection. one may apply equa-
tion (1a) er (Ib) either by using the latest intercensal rate of
change, the average rate over a longer period. or an arbitrary
rate, or by fitng a curve by the method of least squares to
a series of census totals Since growth rates are likely to change
in the long term, these formulas are recommended for use
only in making short-term projections

Fitting a logistic curve is a more complicated procedure and
requir:s a greater number of observations covering a longer
period. At the same time, 1t 1s useful for projection over a
greater perivd of years: than the simple geometric procedures,
particularly if the past series has reached the point of inflexion.
Fhis form of projection overcomes a principal weakness in
the use of the geometric rate, namely, the possibility of ob-
taining extremely large population figures after a short period
The logistic growth model has a finite upper limit with steadily
decreasing rates of growth. The logistic curve occasionally
seems to fit the growth history of a country, or at least a
segment of a country's growth history, and hence should be
applicable to projections for these countnes. It has, in fact,
becn employed to make projections for a number of countries.
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especialiy in the Amencas and in the years before World
War 112 The difficulty is to select the countries and the
periods in the countries’ history. The procedure for fitting a
logistic curve to a series of population totals was described in
chapter 13. A simple extension of this procedure provides the
deuired projections. Like all mathematical curves, the logistic
1s quite mechanistic; hence, it may be advisable not to apply
It over too long a period.2? The logistic cannot be used to
project a population that is decreasing.

Mathematical methods are now much less frequently
employed to estimate the population of countries than formerly,
even though they have by no means been abandoned.?* Com-
ponent methods have been displacing the mathematical
methods.

Component Methods. — These methods involve the separate
projection of mortality, fertility, immigration. and emigrat: on.
As 1n prepanng population estimates, the last two components
are usually combined in the form of net migration: and even this
combined component 15 often omitted. in effect, by use of an
assumption of “'no net migration ** Since the method may be
easily apphied, and is conventionally apphed, by age-sex groups,
projections of age-sex structure are usually obtained directly by
this method. and total population 1s commonly obtained by
combining the projections for age-sex groups. The component
method makes explicit the 1ssumptions regarding the compo-
nents of population growth and hence can give one considerable
msight into the way population changes. Valuable by-
products. such as vanous measures of fertility and mortality,
as well as estimates of the effect of alternative levels of fertility,
mortality. or immigration on population growth, mav also be
obtained In its simpler form the component method is n:echan-
sUC In many ways. In its more complex forms, however, the
component method becomes a rather elaborate model of popu-
lation growth (vee ch 22, “Demographic Models™). For ex-
ample, the assumptions cdn be expressed in the form of
probabilities simulating human behavior, i.e., to each member
of the population can be attached a probability of marrying.
giving birth, mugrating, or dying within a given interval of future
time Because the probable error associated with the projection
of each component may be rather large. the component method
ts not necessarily more accurate, on the average, than the
mathematical methods.

Use of crude rates. — In principle, crude birth and death rates
may be employed as measures in projecting the numbers of
births and deaths. They are rarely used in a divect fashion for
this purpose. however, since they are strongly affected by the
structure of the population, particularly its age-sex structure.
Crude rates have been employed occasionally in otherwise
elaborate studies of the future on the ground that methodologi-
cal refinement is unjustified by the state of our knowledge.2¢
Assumed absolute numbers have not been used for projegting
births and deaths, but such an assumption is sometimes made
for the migration component.

‘" lrene B Tacuber, “The Development of Population Predictions in Europe
and the Amerwas,” Estadistica, 1] 32)-146, 1944

2Oyorgy Acsadi and Enl Pallos, “Methods for Populatton Forecasts,”
Demovrafia (Budapest), 1(1) 68-94, 1958, and john Haynal, “The Prospects
for Population Forecasts,” Journal of the American Stanstcal Association,
SO(270) 309-322. June 1959 - ‘

" 1wgr Amoroso, “le quattro fas) di espansione demografica” (The four
phases of demographic development), Rivista di politica economica, 48(11)
1168-1175, November 1958, and H C Plessing. "Om ¢, Logistiske Kurve oy
dens Anvendelse ) Praksis™ (On the logistic curve. its use and practice), Erhver-
sehonomish Tidskrifi (C openhagen). 2£(1).205-23 1, 1962

' Marion Clawson et al. Land for the Fuure, printed for Resources for the
Future, Inc . by the John Hopkins University Press, Baltimore, 1960

15




ERI

POPULATION PROJECTIONS 9

Cohort-component methods. — In these methods, the compu-
tations are carried out separately for age-sex groups on the
basis of separate allowances for components. Specifically,
one starts with the population distnbuted by age and sex at
the basc date, applies assumed survival rates and age-sex
specific fertihty rates or birth probabilities, and makes allow-
ances for net migration by age and sex, if desired. The base
F. pulation shou!d be the latest dependable postcensal esti-
mates of the national population distributed by age and sex.
in the qvent that qurrent estimates are not available or calcu-
lable, the data from the last census can be used. The ag= grouns

usually have S-year class intervals yFive-year life table sur sival -

rates can Le applied to this base pdpulation, te bring it forw: .d
5 years at a time and to allow for_deaths in the intervai, by
S-year age cohorts. Births are usually computed by applying
5-year age-specific fertility rates to the women of childbearing
age at the middle of each S-year time interval. (The actual
measure used to project fertility may be quite different but,
typically, this measure 1s converted into age-specific fertility
rates in order to derive the actual number of births.) The
schedules of fertility and mortality rates are either held con
stant through all, or part, of the projection period or are
allowed to change according to specified formulas, which may
vary from the very simple to the quite conpiex. On the other
hand, the projection scheme may be rather informal and quite
arbitrary In any case, the determination of the prospective
changes in fertihity and mortality involves a considerable
element of judgement.

Projections of Mortality, — In projec: a8 the component of

mortahty. two measures of mortality may be employed, age-.

sperific death rates or age-specific survival rates: hence, our
discussion will be concerned principally with the different
ways of projecting rates of these types. If the projections of
mortality are carried out initially in terms of age-specific
death rates, they will have to be-converted into <urvival rates
so that they can be applied to the population in terms of age
cohorts

Projections of past trends.— Where there are adequate mor-
tality statistics for the country itself. we may start with the
country's own age-sex-specific death rates or survival rates
for the most recent year or period. The survival rates are
usually calculated for S-year age groups and S-year ime int.r-
vals and are applied to the population distributed in S-year age
groups at one date to obtain the number of survivors § years
older 5 years later.

sLais

oLy )
L]

5
3853 =P,

Projections for <ingle years of age or individual calendar
years may be obtained by interpoiation from the grouped data
at quinquennial intervals. Once single ages have been derived
at S-year intervals, annual projections may be obtained by
interpolation along single-age cohorts. If an electronic com-
puter 1s available, however, the preferred procedure is to carry
out the survivil calculations directly in single agses for in-
dividual calendar years.

The various procedures of projecting mortality commonly
involve a different and progressive set of survival rates for
each succeeding S-year period or other time unit over which
the population is projected. Hence, each age cobort is carried

Aruitoxt provided by Eic:
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forward, in effect, by a type of generation life table although
generation life tables are not actually computed. Generation
life tables which specifically reflect the effect of earlier in-
fluences on age cohorts have hardly been used in population
projections. Generational effects represent the effects of health
habits, preventive medicine, diseases and injuries, possibly
ge.ietic makeup, etc. upon the later chances of survival of the
members of the cohort. These generational effects are d:fficult
to measure, and it is not clear whether a reduction of mortality
in the early life of a cohort increases or decreases its mortuhty
at the older ages.®* Spiegelman, Barnett, and others bzlieve
that many calendar-year influences affect most ages und may
casily outweigh the generational influences.

Projected deuth rates for a given country may be derived
on the basis of a number of general procedures or assumptions
These are: (1) Maintaining the latest observed death rates,
(2) extrapolating past trends in the country’s own death rates
in some fashion, (3) applying standard percentage decreases
in death rates depending on the level of the death rate at each
successive date, and (4) establishing target rates for a distant
future date and securing rates for intermediate dates by some
form of interpolation.

The first alternative would be applicable only where (a) mor-
tality had reached a standstill and there were no signs of fur-
ther piogress or (b) the implications of other more realistic
assumptions were being evaluated against this base.” The
s2ries of death rates may be extrapolated zither graphically or
by fitting an appropriate mathematical curve. The extrapola-
tions under (2), (3), and (4) should all provide for improvement
in mortality, with rare exceptiuns, and, if death rates are al-
ready low, the improvement should be at a decreasing rate.
The extrapolations should be carried out independently for
each age-sex group; and the same or different method of
extrapolation may be used for different age-sex groups.

The risk of arriving at unreasonably law levels of mortality
in ihe projection period when direct extrapolation 1s em-
ployed suggests that a limit should be set to the improvement
assumed to occur. Accordingly, after a given futuré date, the
rates at every age may be assumed not to change any farther.
The target rates set to avoid unreasonable levels of future
meriality may be reached in different years for different age-
sex groups. They may be derived in a number of different
ways: (1) Use of the rates already attained in some advanced
geographic subdivision of the country; (2) use of the rates
already attained in another, more adv-nced country, some-
what similar to the given country in certain socioeconomic
features but having better public health organization and lower
death rates; ?7 (3) analysis of age-specific death rates in terms
of components, such as principal causes of death, for which
judgmental projections could more confidently be made; and
(4) determination of the lower biological limit for mortality
at euch age on the basis of present knowledge, and of the date
by which this limit will be attained.

¥ Recent evidence on this question is given in. United Nations, “Factor
Analynis of Sex-Age Specific Death Rates,” Population Bulletin of the United
Nations, Series N, No 6, 1962, pp. 149-201.

* See Mortimer Spiegelman, Introduction to Demography. rev ed . ( ambndge,
MD,E. Harvard Universily Press. 1968, pp. 157-158, and H A R Barnctt,
"Evberimients in Mortalily Gradustion and Projection Using a Modification of
Thicle’s ¢ ormula.” Journal of the Instituie of Actuanes (Englind). 84(11,367)
212-229, 1958.

!’ See, for example, J J. Paes Morais and A. Costa Leal, "A evolucio demo-
grifica nacional ¢ o desenvolvimento econdmico (Nationa! population trends
and ecosomic deveiopment). Revista de economia (Lisbon). 11(4) 149-167.
NDecenber 1958,

,
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10 THE POPULATION SECTOR (BUREAU OF THE CENSUS)

The third procedure for denving target rates has been em-
ployed i a number of importent studies in the United States ™
It may be explained on the basis of the particular projection
procedure descnibed in Actuarial Study No. 62 of the U S
Socual Security Administration Past trends in age-sex specific
death rates were analyzed in terms of 10 cause-of-death classes,
and medical research in progress was ¢ valuated from the stand-
point of the prospects of “breukthroughs™ that would impor-
tantly ffect the level of these rates. 1.ow and high percentage
reductions for each age-sex-cause specific death rate between
1960 and 2000 were then determined on the basis of the anal-

. ¥s1s of the historical trends in each rate and the assessment of
the factors which could bring about further reduction (table
24-3) These percentage reductions were employed to derive
age-sex-cause specific rates for the year 2000, which were
then combined into general age-sex specific death rates for
that year (table 24-4). The rates in the base year and in 2000
were then converted into S-year survival rates by life-tdble con-
struction methods, survival rates for intermediate years: were
denved by interpolat'on using an exponential curve.

If one cause of death plays a dominant role. it may suffice to
project yust this cause separately In their mortality projections
for India, Coale and Hoover considered malaria separately
from other causes of death in v.ew of the prevalence of that
disease 1n India and of the prospects for rapic reductton in the
disease through simple public health measures.?*

Mortality models. — Mortality models, representing general-
1zed schemes for projecting mortahity applicable to a group of
countites, are generally employed when satisfactory statistics
are not av. “ible regarding the current level and trend of mor-
tality for a ccuntry or group of countries They are also used
occasionally when such data are available. Mortality models
may relate to the pattern by which current death rates are re-
duced over succes e time units in the projection period, or to
the way in which the terminal levels of mortality are deter-
mined. or to both; or they may establish specific levels of term-
nal mortality (Further discussion of mortahty models, relating
to systems of model life tables, with apphcations to statistically
underdeveloped countries for cuirent or recent years, IS given
in ch. 25)

The Princetor. method (Coale) and the U.N. system of model
life tables provide a basis for determining the projected changes
in mortality at each observed or estimated level of mortality.
The Census Bureau method (Campbell) provides a basis for
determining proje=ied changes and also sets specific term:nal
levels. Studies relating 1o the biological limit of mortality
have been carried out at France's Institut national d’études
démographiques  {Bourgeois-Pich1t) These studies are
described briefly beiow.

An early generalized scheme of projecting mortality was the
method developed by Coale at Princeton University in the
1940°’s.® His mettiod was based on an historical analysis
of age-specific death rates for populations of European origin.

» U S Bureau of the Census. Forecasts of the Populution of the Usited States,
1945-75. by P K Whelptoneral . 1947, pp 8-13, U S Sczial Secunty Admimis
tration. Office of the Actuary, “lllustrative Umted Stales Population Projec.
tions.” by T N F Greville. Acruaral Studv No 46, Ma( H)S?.Fpp 9-16 and
dem, "United States Fopulation Projections for OASDI C ost Cstimates,” by
Francisco Bayo, Acruas.ar Studv No 62, December 1966. pp 10-16 A« tuarial
Study No 46 was the basis of the projections of mortahity incorporated in the
population propctions published by the US Bureau of the Census in € urrent
Population Reports, Serves P29, Nos 286 and 181

® Ansley ) Coale and | dgar M Hoover, Populution G raw th and Economi
Development in Low-Income Countries Princeton. N J . Princeton Umiversity
Press. 1958, pp 65-67 and 146-147

* Notesteineral .op cit .pp 183-189
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This analysis showed that the rate of decline of these death
rates tended to vary directly with their level. without regard to
country or year. He derived a set of curves for age-specific
mortality rates (.q,) by (1) separating the obhserved rates at
each age into four segments on the basis of the level of the
rates, (2) fiting stiught Lines by Jeast squares to the three

'segments with the higher rates, (3) fitting an exponential

curve to the segment with the lowest rates (the form of curve
being chosen to prevent the rates from becoming negative when
extrapolated). ‘and (4) smoothing the Junctures between
scgments.

The Princeton method was based wholly, or in large part,
on pre-World-War-11 mortality experience In general, the
decline of mortality has accelerated i1n the post-World-War-11
period. Using postwar data, Campbel; derived new constants
for Coale's height-slope relationships and introduced certain
“ultimate” levels of mortality dt each age.3 His principal
equation is

Mer=(Mey— Mg e o'+ my 4)

where m, , 1s a central death rate in the base year (last observed
rate) at age x, m, . 1s a central death rate 1 years after the base
year at age x, m. . 1s the ulumate central death rate at age
v, b 15 a constant specific for age 1. to be determined, and ¢
represents the number of years for which the projection is
desired. Like the Princeton study, this study found that, for
each age group, higher death rates iend to decline more
rapidly than lower death rates. It appeared from this new
study, howe vei, that the height-slope relationships observed
before World War Il have changed and that mortality has
fallen much more rapidly since the end of the war than it did
before the war. The study also followed the principi¢ that the
rate for any particular age should not fall below some minimum

" level, to be determired.

The two constants, b, and m, ., must be determined for
each age v in order to apply equation (4) Then the death rate
at age x for any year ¢ years after ihe base year can be ob-
tamed by sutsiituting the values for these constants and m; ,
into the equation. For example, the formula for projecting the
death rate for females 25 10 29 years old s as follows. given
values of m, =0.46 per 1,000 population and b= .162.

m;=(m, —.00046)¢ 9% + (0046

The death rate for any year ¢ years after the base year 1s
calculated by substituting values for m,, the death rate in the
base year, and ¢ into the equation If a country has a death
rate of & per 1,000 population i the base year, 2§ years later
its death rate would be

s = (008 — .00046)e 18414 0046
=(.00754).01742)+ (00046
=.0006

The constant b, is a quantity representing the slope of a
straight ine which expresses absolute annual decline in
mortalty as a function of the level of mortality The method

“US Bureau of the Census, /nrernanonal Population Reports, Series
P-91. No %, A Method of Projecting Mortality Rates Based on Postwar
International Fxpenence.” by Arthur A ( ampbell, 1958, pp 3-16
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Table 24-3. — Postulated Low Male Death Rates for the United States for the Year 2000 as Percent
of the 1959-61 Rates, by Age and Cause-of-Death Group

A'-. Cause-of-death gm«pl
(yrara) 1 n m v v vi i Vit xi X

Under 1.. teeeveorvecrarennss - 20 70 Pie] 60 5 50 8 60 50
1t4 - 20 60 50 50 40 30 70 65 40
Stc9 - 20 70 50 40 30 [ 60 65 35
10 to - 15 70 50 35 40 70 65 7 40
15 to - 10 70 60 40 50 aC 80 ac 50
20 to - 10 70 70 45 60 80 90 80 60
25 to - 10 7 80 50 60 80 90 85 80
0 toM - 10 70 85 55 60 80 90 85 80
35 t0 9 - 15 70 90 60 60 %0 90 80 80
40 to 44 - T1s 70 90 65 60 80 aQ 80 80
45 2049, . .0ttiiinieiirencerennnnns S 20 70 90 63 60 80 90 a0 80
50 to 34.......... cemrrecnres 10 20 70 90 65 60 ) 90 80 80
95 %0 59..0000nne, . 15 25 70 % 65 60 80 90 80 85
60 to 64, . 20 30 7 8s 65 65 %0 | 90 70 85
65 to 69, 30 40 70 85 70 70 80 90 65 90
70 to . 4G 50 75 85 7% 75 80 90 65 90
75 %0 19, 40 60 80 85 80 80 80 90 69 90
80 to 84, 40 80 85 90 85 85 %0 90 60 90
85 ADd OVET....vvreevsrenrennnnnnnan 50 90 90 90 90 90 80 90 50 90

Total, all agee?................ 2.6 31.0 74.0- 86.6 7.4 69,7 51.4 79.3 %.7 82.4

— Represents zero.
! See source of table for explanation
! Denived from the uge-specific percentages by weighting on the basis of the 1960 census population

Source. U.S. Socul Secunty Admunistration, “United States Population Projections for OASDHI Cost Estimates,” by Francisco Bayo. Actuarial Study No 62

December 1966, table 4

Table 24-4. — Projected Death Rates for the United States for the Year 2000 According to Low and
High Mortality Assumptions, Compared With Rates for 1959-61, by Age and Sex

Male Femsle
- Projected ratea Projected rates
as perceat of as percent of
A‘! . LOI Hl'i current falea LO' Hl.ﬁ curreat rates
. (yenrs) 195961 mortality, wertaluy, 1959-61 mortalny, mortality,

2000 2000 Low H.gh 2000 2000 Low Ht.b.
aank | (h«nh mu®) e | um=63hs +

100= 100= 100= 100~

1)) () (3) %) (5) ) (7) ® 9) (10)
Under l..coeierenoronnonsons 30,40 16.56 23,48 54,5 77.2 23.19 12.67 17.93 54,6 77.3
1004, .0ieeiinnneennnnnes 1.15 0.61 0.88 53.0 76.5 0.96 0.49 0.73 51.0 76,0
520 %....0. 0.%6 0.31 0.43 55.4 76,8 0.41 0,23 0.32 56.1 78,0
10 to 14 0.56 0,3 0.45 60,7 80.4 0.32 0.19 0,26 59,4 .3
15 to 19 1.28 0.93 1.1 72.7 86.7 0.54 0.35 0.44 6.8 8.5
20 to 24 1.6 1.34 1.57 74.0 86,7 0.70 0.46 0.58 65.7 82.9
25 to 29 1.7 1.32 1.51 7.2 a8.3 0.88 6.60 0.74 #8,2 8.1
30 to M Certinees .31 1.49 1.75 7.1 87.1 1.23 0.85 1.04 69,1 8.6
35 to 39 2.85 2,00 ,  2.42 70.2 8.9 1.79 .2 1.50 67.6 83.8
40 %0 Mhae,iuiinininecnnnnns 4.5 3.22 3.9 70.2 85.2 2.76 1.81 2.28 65.6 82.6
45 20 49, ..0iiiiiennnnonnnes 748 5.18 6.3 69,3 8.6 4,20 2.70 3.45 64.3 82,1
30 %0 54, . .0iiiinnniennonnes 12.31 8.44 10,38 68.6 84,3 6.39 4,00 5.20 62.8 81.4
55 %0 59, ..000000. 18,58 12.79 15.68 68.8 B4.4 9.31 5.98 7.64 6h.2 82.1
60 to &4, 27.74 18.91 23.3) 68.2 8.1 14.58 9.58 12.08 65.7 82,9
35 to 69, 40.88 29.33 35.10 n.g 85.9 22.44 15.33 18,88 68,3 8.1
0 %o W%, 58.19 “,22 ‘1.21 76.0 88,0 36.26 25.89 31.07 714 8s.7
75 0 W, M, g8 63,07 .53 80,1 90.1 60,08 47,02 53.55 78.3 89.1
80 to M............ 132,23 11.81 122,02 84.6 92,3 104,23 86.41 95,32 82,9 91.5
85 and over........, 228.41 202,42 215.42 88,6 9%.3 20,07 176.63 188.85 87.8 93.9

Total, ull ageel,....... 10.90} sa 9.45 73,5 86.7 s.a1 5,84 6.93 72.9 8.5

* Derived from the age specific rates and perceniages by ‘veighting on the basis of the 1960 population

Source: U.S. Social Security Administration. “United States Population Proiections for OASDHI Cost Estimates.” by Francisco Bayo., Actuarial Study No 62,
! s

Dedember 1966, table

ERIC 15

Aruitoxt provided by Eic: -




12 THE POPULATION SECTOR (BUREAU OF THE CENSUS)

of deriving b, involves first setting the level of m, independ-
ent.y for each age. Then a value of b is determined for each
observation (each country) from the equation,

mi
m-—m,

(5

whech is derived from squation (4). The value m, s the first
derivative of m, and represents the average annual decline
for any death rate (m). The valués of m, and m/ correspond,
respectively. to the "heights and "slopes” described in the
preceding section. The values of b determined for the various
countries at a particular age were averaged in order to obtain
a single value to represent the general trend of the height-slope
relationship at that age. These values of b were further adjusted
to remove certaip irregularities in the resulting trends in age-
specific death rates.

The - hypothetical low death rates, m... chosen do not
greatly affect the projections of population for most age groups
as long as the death rates assumed are below present levels
and reasonable. Campbell derived the low death rates by (1)
compiling a set of lowest observed age-specific death rates,
(2) smoothing the observed lows graphically, (3) calculating
maximum possible percentage reductions below the smoothed
observed lows (ranging up to SO percant for ages 20-24 years),
and (4) reducing the smoothed observed lows by these per-
centages to obtain a set of hypothetical lows. Such mortality
rates are intended only for use in making population projec-
tions. They are not intended to yield independently valid pro-
Jections of future mortality rates.

The formulas are of doubtful utility in extrapolating death
rates in countries whose postwar mortality experience has
diverged widely from the average international trend. Similarly,
they are not applicable to countries having mortality rates much
higher than any of those used to estimate the constants of the
prajection formulas. The formulas may become cbsolete as
medical progress leads to improved mortality beyond the
limits of the minimum mortality rates used in the projection
formula.

Projections of mortality could also be based on the research
findings at France's Institut national d'études démographiques
regarding the separate trgnds of deaths from endogenous and
exogenous causes ang the biological “limit” of the death rate
at each age.™ As noted in chapter 14, the biological “limit"
of the death rate for a given country is arrived at by separating
out the: exogehous causes ‘of death from the total death rate
at each age and considering the: possibilities for further reduc-
tion in the endogenous death rates in the light of prospective
medical developments in the particular country and of actual
past developments in the most advanced countries. The
“ultimate”’ level is still a function of the stage of present
knowledge and would have (o be reexamined from time to time.

Without specifying either height-slope relationships or ulti-
mate levels of mortality, the United Nations has developed a
set of model life tables for projecting mortality.®® They are
based on analysis of 158 life tables representing the experience
in the first half of the 20th century of $0 countries. The calcula-

‘%Jobn V. Grauman. op. cit., 3 571; Jean Bourgeois-Pichat, “Essa sur Is
mortalité ‘biclogique’ de | me " (Essay on the "biological” mortality of man).
P (Pans), 7(3).381-394, July-Sept. 1932,

United Netions, Age and Sex Partrerns of Mortality: Model Lifc Tables for
Underdeveloped Countries, Series A, Studies, No. 22, 195S; and
idem, Methods for Population P:

' Studies, No. 25. Manual Hf. Met of Estimating Population, 1936.

tions by Sex and Age, Series A, Population .

tion of the model tables rests on the principles that the
schedule of age-specific marality rates is fairly, well defined if
the expectation of life at birth is known, and ﬁat expectation
of life tends to increase by a fairly uniform annual amount
until a moderately high level of life expectancy is reacheq.

The model tables were designed on the assumption that an
annual gain of 0.5 year in expectation of life at birth will occur
whenever the expectation is less than S years. At older ages,
the gdin increases, then declines. Twenty-four model tables
(males and females for each model) are presented, reflecting
differences of 2.5 years in expectation of life at b.rth (up to
55 years) over each S-year time period and covering a time
span of 115 years. The expectation of life for both sexes com-
bined ranges from 20 to 73.9 years. Once a particular model
table is selected to represgnt the current level of mortality or
once the current level is establishéd, the tables to be used for
future mortahty allowances ake selected in rank order from the
set of model tables. (See illustration below for Costa Rica in
table 24-7.) To use the system of model life tables. the assump-
tions with respect to mortality have to be expressed in terms of
¢, for both sexes combined. This &, identifies a particular model
life table which describes a whole age-pattern of mortality
conditions.

Another system of model life tables, the Coals-Demeny
model life tables, distinguishes regional variations 1n mortality
patterns; four sets of life tables are given, with expectation
values of 20.0 to 77.5 years, at intervals of 2.5 years.® The
selection of tables was not designed to provide a progression
of values directly applicable to projections, as were the U.N.
tables. Once some assumptions regarding the improvement
in mortality in a country have been developed, however, the
Coale-Demeny model tables can effectively be employed to
implement the assumptions. The tables are described more
fully in chapter 28.

These systems of model tables may be used to -project the
mortality of countries for which only limited data on mortality
are available. They may also be used to project mortality in
developed countries under a unitjeg system af projections.
The use of a common system of maktality projections should
add to the international comparabilify of the projections even
though the procedure may be less refined than is possible for
some countries.

Projections of Fertility. — We may distinguish three types of
methods of projecting fertility as part of a cohort-component
method of projecting population, namely, the perjod-fertility.
method, the cohort-fertjlity .nethod, and the marriage-parity-
interval progression method. Other methods of projecting
fertility may be viewed as elaborations or combinations of
these basic methods. In brief, the period-fertility method ex-
amines the trend of age-specific birth rates (or the correspond-
ing age-adjusted summary measures of fertility) over past
years for the same age groups. The cohort-fertility method -
examines the trend of fertility for separate birth cohorts, or
marriage cohorts.of women, usually in terms of age-specific
or duration-specific birth rates and cumulative ang'completed
fertility rates for these cohorts. In the marriage-parity-interval
progressicn method, probabilities of marriage and of birth by
parity of women are employed to determine sequentially the
number of births of various orders and the number of women
who are at risk of giving birth to a child of a given order. Let
us consider each of these in some detail.

* Ansley ) Coale and Paul Demeny. Regional Model Life Tables und Stable
Papulations. Pnnceton. N J, Princeton University Pre, 1966
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Period-fertihty method. ~In the period-fertility method,
or the age-specidic birth rate method, assumptions csacinming
future fertiiity are staied in terms of calendar-year or penod
age-specific birth rates, period sex-age adjusted birtk rates,
period total fertiity rates, or period gross reproduction 1ates.
The prototype procedure consists essentially of (1) calculating
and analyzing a time series of birth rates for each (5-year) age
group of woman; (2) holding the most recent rates constant
over the projeciion period or projecting the rates on the basis
of various assumptions and techniques to some future year;
and then (3 applying the projected schedule of rates to the

projected female population by S-year age grups for a given_

future year to de:ermine the corresponding number of births.
The characteristic feature of the method is that the trend
analysis is in terms of rates for a given age group. If the
calculations are done manually, it is most convement (1) to

* obtain the projected rates for the end or each quinquennium,
(2) muitiply the rates cumulativeiy by the number of women
by age previously calculated to have survived to the end of
the quinquennium, (3) average the births for the first and last
years of each quinquennium, and (4) multiply by five (to secure
births for a 5-year period).

This procedure may be abbreviated, with little change in
the results, by projecting the period total fertility rate or the
period gross reproduction rate instead of the schedule of age-
specific birth rates. Applying any single reasonable set of age-
specific rates (e.g., the rates for the current year) to the future
numbers of women of childbearing age, with an adjustment to
the projected total fertility rate (or gross reproduction rate),
produces- very nearly the same number of births as applying a
projected schedule of age-specific birth rates. Variations in
the pattern of age-specific birth rates tend' to have little effect

" on the corresponding numbers of births, given the overall
reproduction rate, so that the total fertility rate (or the gross
reproduction rate) is a useful substitute for making projections
of births by the age-specific birth rate method. This variation
permits the application of the period-fartility method to areas
where age-specific birth rates are lacking and where only
the total number of births is known. The initial age-specific
birth rates and total fertility rate can be estimated by the
indirect method from (1) the tota! number of births, (2) the
female population of chilibearing age, and (3) an available set
of age-specific birth rates for a similar area (ch. 16).

Among the several vanations we have mentiorred so far, we
will illustrate first the use of the total fertility rate to project
births, given current age-specific birth rates. Let us consider
an cxample using the total fertility rate to project births for
Costa Rica from 1965 to 1985 (table 24-5, Method B). We
employ for this purpose the basic data and some of the assum-
tions of an official Costa Rican study, including the estimates
of the population by age and sex and the recorded age-specific
birth- rates for 1965.8 First, the total fertility rate is projected
on some basis. In the present case, following the procedure
of the official study. we made three assuymptions regarding tne
future course cf fertility, representing high, medium, and low
alternatives. The high series assumes a continuation of the
total fertility rate of 1963, the medium.series a decline in the
rate of 5 percent each 5 years, and the low series a decline in
" the rate of 10 percent each S years (table 24-6).

® Casta Rica. Direccin general de esiadistica y censos. Proyeccitn de la
problacién de Costa Rica por sexo y grupos de edad, 1965-90" (Projections of
the population of Costa Rica by sex and age. [965-90), by Ricardo Jiménez J
et al . Serle
No. 8, October 196

kfica No $. Revista de esiudios y estadisticas, San Joré,

First, the current schedule of age-specific birth rates is
assumed initially for all future dates and series. Next, these
assumed rates are applied to the projected female populjation
of childbearing age in each year (sew below for method of
derivation) to obtain the “expected” number of total births
for that year (for all series). For cxample, under all assumptions
the expected number of births in 1970 is derived by taking the
cumulative product of the age-specific birth rates of 1965 and
the projccted female population of childbearing age in 1970
(table 24-3).‘This product is 75,344. Next, this number is
multiplied by the ratio of the projected total fertility rate (TFR)
in 1970 for a particular senes to the total fertility rate for 1968,
corresponding to the percent change in the rate for that series
for 1965-70. For the medium series, for example, this ratio
is .95 and the projected number of births in 1970is 75,344 X .95,
or 71,577. The projected number of births for 1965-70 is
obtained by inflating by § (for § years) the average number of
births for the period [§62.821+71,577)=335.995]. Tke
projected number of female births is then derived by applying
as ¥ssumed proportion female among births; e.g..

335,995 x .49= 164,638
Similarly, to derive the projected number of births in 1975,
under the medium series the expected number of births in
1975 is adjusted by the ratio of the projected TFR in 197$
under the medium series to the current TFR (this is, .9025).
Note that, after 15 years of projecting births. it is necessary
to begin carrying forward to older ages the female births which
were projected in the first future 5-year period, so as to derive
the female population of reproduciive age; for example, the
births of 1965-70 will become 15 to 19 years of age in 1985.

The calculations for the high and low series of births are

presented in table 24-6. Since the high series assumes no
change in the TF R, it corresponds to the expected numbers of
births computed in table 24-5, the adjustment “actors being
1.00 in each case. The low series of births in 1$70 (67,810)
was derived by adjusting the expected number of births in
1970 (75,344) by the ratio of the low series TFR for 1970
(5.886.5) to the TFR for 1965 (6,540.5) —.90; the low series
of births in 1975 (75.688) was dérived by adjusting the ex-
pected number of births in 1975 (92,701) by the ratio of the low
series TFR for 1975 (5,297.9) to the TFR for 1965 (6,540.5) —
81; etc.

Use of the total fertility rate in this way is equivalent pre-
cisely to assuming that the age-specific birth rates change uni-
formly by age by the same percentage as the tota! fertility rate
(table 24-5, Method A). Even if a different pattern of change in
fertility by age is expected, the summary procedure is accepta-
ble because of the negligible effect of variations in the age pat-
tern of fertility on the number of births, once the total fertility
raie is fixed. It may be recognized that the procedure of using
the total fertility rate to project the number of births, just de-
scribed, involves the same logic as the calculation of this rate
by the indirect method, aloeit the order of calculation is dif-
ferent. In the former case, we are given the population by sex
and age, a standard set of assumed age-specific birth rates, and
the total fertility rate, and we are asked * calculate the corre-
sponuiug number of births. In the latter ase, we are given the
population by sev and age, a standard set of assumed age-
specific birth rates, and the total number of births, and we are
asked to calculate the corresponding total fertility rate. The
procedure and logic with gross reproduction rates are essen-
tislly the same; there is no advantzge in the use of this rate and
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Table 24-5.~Calculation of the Prujected Medium Number of Female Births in Costa Rica by the
Period-Fertility Method, for 1965 to 198§

{Methods A, B, and C represent three variations in the application of the period-fertility method)|

Age-specific birth rates ") Populstion (p )2 Popula-
Age of mother L] N tion
(years) T weights
19683 1970 1973 1980 1985 1963 1970 1973 1980 1985 )
2109 105.4 1001 95.1 90.4 72,385 92,466 | 116,381 142,217] 157,262 1
30,9 286.8 272.5 258.9 25.9 58,115 7,94 92,00z 116,472| 141,847 7
3N9.61- 303.6 288.4 27%.0 260.3 48,275 57,650 71,483 91,617| 116.07 7
258.1 245.2 232.9 221.3 210.2 42,325 47,87 57,241 71,090 91,214 6
2.4 201.8 191.7 182.1 173.0 36,875 41,872 47,420 56,835 70,671 4
89,3 8.8 80.6 76.5 72.7 29,815 36,381 41,295 46,960 56,252 1
15.% 15.1 14.3 12.6 12.9 25,200 29,260 35,78 40,786 46,340 -
Total fertility rate = SIf | 6,5%0.5] 6,213.51 5,902,8 | 5,607.7| 5,327.3
Sirths (B)
1965 1970 [ 1973 1980 1983

Method A: . [

1. Expected oirths, year y = It.’ p." . 62,821 71,579, 83,661 99,001 115,405

2. Expected female births, 5 vear period” = [(B7 + 87°%) + 2] x 5 x .49 164,640 190,169 223,773 262,660

Mothod B: -

3. Expected birthe, year y » LF ¢ p." 62,821 75,344 92,700{ 115,478 141,684

aY -
4, Projected pedium births = (3, x %ﬂ ' 62,821 n,s7? 83,653 99,009 | 115,403
5.. Projected medium female births, 5 year periqd? a [(a’ + a"’) + 2]x 5 x .49 164,638 190,169 223,773 262,655
e s

Method C: ~

6 weighved population = EW, p ¥ 1,248,380 | 1,490,299 | 1,835,937 2,299,680 | 2,849,043

7. Sex-age adjusted birth rate, year y » s.a.a.b.r, 73 x .95 . 5032 4780 14541 4314 4098

8. rrojected medium births = weighted pop, x s.a.a.b.r. = (6) x (7) 62,818 7,23 83,370 99,208{ 116,75

9. Projected medium female births, 5 year period? [(s’ « 83 4 2] x5 x .49 164,216 189,392 223,658 264,553

— Represents zerp

' Source: Costa Rica, Direcciéu general de estadistica y censos. "Proyeccién de la poblacién de Costa Rica por sexo y grupos de edad, 1965-90" (Projections
of the population of Costa Rica by sex and age. [965-90). by Ricardo Jiménez ). eral , Serie Demogrifica No S. Revista de estudios y estadisticas, 3an José, No. 8,

October 1947, table 34.
1 Sea table 24-7.

? These births relate to the S-year period front July 1 of initial year to June 30 of ter mnal year

cither measure allows for a change in the sex ratio of births with
equal convenience. ’

The medium series of births, derived'as described above, was
employed in completing a set of projections of the femele popu-
lation of Costa Rica by 5-year age groups at S-year time inter-
vals to 1985 (table 24-7). For this purpose, we have adopted
the current population estimates given in the Costa Rican re-
port cited above. The base population in 196S (derived from
the census of 1963) was adjusted for underenumeration of chil-
dren under 10 years old and for age heaping in the range 10
years old and over. As in that report, we have assumed that
there would be no immigration and that mortality would show a
moderate gradual improvement afier 1965, The projected survi-
val rates were based on the observed death rates for 1963; .
they followed the assumptioa that expectation of life at birth
would increase from 1.5 to 2.5 years over each 5-year time
period, corresponding to the model life tables in U.N. Manual

% 1bid, p. 64,

Full Tt Provided by ERIC.

1113 The observed rates in 1963 corresponded most closely,
on the average, to the rates in U.N. model life table 90 (or
é.= 65.8). Therefore, for projection periods 1965-70, 1970-75,
1975-80, and 1980-85, we used model tables 95, 100, 10S, and
110, corresponding to life expectation values of 68.2, 70.2,
71.7, and 73.0 years, respectively.

Five-year survival rates for each S-year time period corre-
sponding to each required mortality level were selected from
the model tables and applied to the female population. The
1965-70 factors were applied to the 1965 population, by sex,
to derive the projected population $ years old and over in 1970,
then the 1970-75 factors were applied to this population to
derive the projected population 10 and over in 1975, etc. The
projected births were developed on the basis of the projections
of female population of childbearing age. as described earlier
(Method B, medium series, in table 24-3). The births in 1965-

lll:'le nited Nations, Merhods for Population Projections by Sex and Age.
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Table 24-6,—Calculation of Alternative Projections of Female Births

in Costa Rica by the

Period-Fertility Method, for 1965 to 1985

Series 1965 1970 1975 1980 1983
HICH SERIES
1. Total fertility rete, year y = 1,00 TFR'™S 6,540.5 6,540.5 6,540,5 6,540.5 6,5/0.5
2, Expected births = zr." p.y 62,821 75,344 92,701 115,478 141,684
3. Projected female births, S-year period? 169,252 205,855 255,019 315,023
MEDIUM SERZes
4. Total fertility rute, year y « .95 TFRY"? 6,540.5 6,213.5 5,902.8 5,607.7 5,327.3
5. Projected tirths « (2) x {-}; 62,821 mn,sT v 83,663 99,009 115,403
6. Projected femsle births, 5-year period! 164,638 190,169 223,773 262,655
LW SERIES
7. Total fertility rate, year y . ,90 TFR™"? 6,540,5 5,886,5 5,297.9 4,748.1 4,291.3
8. Projected births « (2) x g-; 62,821 67,810 75,088 8,185 92,91
9. Projected female births, 5-year period}....... 1601023 175,}50 195,‘109 21'/,‘00%

V[(BY+ B8y~ 2] xS x 49 These brrihs relate to the 3-year penod from July 1 of imtsal year to fune 30 of ierminal year

70 were then carried forward to ages 0-4 in 1970 by use of the

appropriate survival rate, the survivors 0-4 in 1970 were
scarried forward to ages 5-9 in 1975, etc.

A still simpler procedure for projecting births which is ap-
plicable when Gnly total births and an age-sex distribution are
available employs the U.N. sex-agc adjusted birth rate (ch.
16). In this procedure we do not have to assume any particular
pattern of age-specific rates. We have applied the procedure
in_table 24-5 (Method C) to Costa Rica, using the same
general assumptions as before but without making. use of the
available age-specific birth rates. This procedure represents
still another application of the logic of indirect standardization.
Use of the sex-age adjusted birth rate was recommended by
the United Nations as a simple means of preparing comparable
projections for many countries.® It may be recalled that the
U.N. sex-age adjusted birth rate is calculated by dividing the
number of births by the cumulative product of the midperiod
female population and a standard set of weights, and multi-
plying by 1,000. The standard set of weights is roughly pro-
portional to the typical relative fertility rates of the various
age groups and was chosen 30 that the resulting adjusted rate
would be of the same order of magnitude as the crude birth
rate. The U.N. rate represents a simple device for eliminating
the effects of changes in sex-age structure in the measurement
of the fertility trend and the estimation of future births.

For purposes of the population projections for Costa Rica,
we begin by determining the U.N. sex-age adjusted birth rate
for a current year (50.32). We then project the rate on the same
assumptions as we projected the total fertility rate. For
example, the sex-age adjusted birth rate under the medium
assumption in 1970 is .95 x 50.32, or 47.80. We next calculate
the weighted aggregate of women of childbearing age in each
projection year and multiply the projected rate by the weighted
aggregate: -

= United Nations. Methods Jor' Population Projections by Sex and Age,
pp 41-50

2

Q

B=sa.a.b.r.X Wap! (6)

For the medium series in 1970, we have:
B=.0478 x 1,490,299

B=11236
It may be observed that in the present case the differences
among the projections of births derived cn the basis of the
total fertility rate and the U.N. sex-age adjusted birth rate are
very smali for all years (table 24-5).

Some of the methods of extrapolating fertility rates parallel
those of extrapolating mortality rates. Straight lines or curves
may be fitted to determine the trend of the rates in the past,
a rate of change may be assumed for each future quinquen-
nium, a target schedule of rates may be assumed for the end
of the projection period (or beyond) and intermediate values
calculated by interpolation, and so on. Knowledge from a wide
variety of sources can be brought to bear in making these
assumptions. These include the trends in other countries,
fertility differentials (c.g., urban-rural, geographic, ethnic)
within the country in question, current practices and attitudes
about family limitation as obtained from sample surveys or
clinic records. national programs and plans in the field of
family limitation, and information or theory concerning the
relationship between fertility, on the one hand. and marriage
patterns, family systems, sexual practices, infant mortality,
survival to childbearing age. desired and expcited numbers
of children, employment of wumen outside the home. and
economic conditions, on the other hand. As in the case of
mortality, studies at the Institut national d'études démograph-
iques in Paris are helping to provide information about the
biological limits 6n fertility.” Henry has developed a mathe-

* L.owms Henry, “Fécondit
12(3).413-444. July-Septem

et famil'e™ (Ferulity and famuly. Populution.
1957
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Table 24-7.—Cakulation of Projections of the Female Population of Costa Rica, by Age, According
to the Medium Fertility Assumption, for 1970 to 1985

- [Projections assume no net migratien. Heavy lines identify a 5-year age cohort]

L]
Projected Projected Projected Projected
Estimated Survival population, Sutvival sopulation, Survival population, Survival population,
Age population, rate, July 1, 1970 rate, July 3, 1973 rate, July 1, 1980 rate, July 1, 1903
(yens) Julv 1, 19632 | 1963-70% 1970-78% 1975-80° 1980-85
(D) x ()= 3) x (4)= (3) 5 (6)= (7) x (8)=
[A}] @) : 3) (4) (3) (6) (¢ IR (8) 9)

All agea”..veeenrenncnnne 742,080 (x) 884,782 < (x) 1,033,262 (x) 1,254,427 (x) 1,492,527
BArthe..ccviiriinnninnanne, 164,638 9660 190,169 o 223,713 L9801 762,655 .9838 (x)
Under 5......... teessecsneees 144,520 ,9892 159,060 .9925% 185,300 9948 219,320 9963 258,400
3 %0 Fuerinrccnrerennnnnnanne 117,718 . 142,95 J%_ 157,847 .98 184,337 .9986 218,509
10 to ... 2,08 . 117, 9 ,% 157,547 .9982 1&,0m9
15 t0 19.. 72,385 9935 o0k 9952 . 14 A 157,263
20 to M... 58,115 .9920 7n,Ns 9940 » « 9956 6,472 99661 141,847
2 %0 29 ,275 9909 57,650 .9929 71,483 9945 1,617 9956 116,076
30 to M 42,325 .9893 47,836 L9913 57,741 9929 7,090 N S 7 Y
35t 19 36,875 9866 41,872 .9886 47,420 9903 56,835 99151 - 70,671
40 to 44 29,815 .9814 36,38 9835 41,395 .9853 46,960 .9868 56,352 -
43 to 49 25,200 9731 29,260 L9754 35,761 9775 40,786 9792 46,340
50 to 54 21,275 9609 2,522 9637 28,540 9661 34,976 9680 39,938
55 to %B.. 16,065 9402 20,443 437 23,632 L9466 27,572 9491 33,857
60 to 64... 12,520 .9036 15,106 .9083 19,292 L9122 22,370 9161 26,169
653 to 69., 9,203 L8429 11,313 8490 13,719 8549 17,598 8609 20,493
0 to .. 6,190 7525 7,759 7602 9,605 7677 11,728 764 15,150
3t M 4,085 6323 4,.58 ,6410 5,898 16493 7,37 6592 9,106
80 and over 4,640 .3781 %,337 .3828 34,646 .3869 35,628 <3913 37,063

X Not spplicable, ’
* Source’ Costa Rica. Direccion general de estadistica y censos. “Proyeccién de la poblacién de Costa Rica por sexo y grupos de edad. 1965-1990" (Projeciions
:‘f lh: pg:uol;to? 9:(7 C os;ia' I}l;cn by sex and age. 1965-1990). by Ricardo Jiménez J. er al, Serie Demogrifica No S. Revista de esiudios y estadisticas. San Jos.
0. 8, 1ober . tal N

[ . .
3 Total excludes births.
* See table 24-6. medium series

'Se!:c;ed from table V of Umited Nations. Methods for Populution Projections by Sex and Axe. Senes A Population Studies. No. 25, 1956. See text for

* Denved from populations and survival ~ates on same and previous hnes [(PY 2100 s13-m0) + (Poee X 3w0e)].

smatical model for the legitimate fertility of couplés not practic-
ing any form of birth coritrol, which takes account of a number
of biological factors as well as of the duration of their

s.

The method of projection of age-specific fertility rates
developed by Coale and his colleagues at Princeton University
for the League of Nations was similar to their method of pro-
Jecting moitality rates in that the trend was determined by the
height of the rate in the base period. *"The fertility rate of each
Age group was projecteé on rectangular hyperbolas whose
heights were determined by rates of the base periods. in general
taken subsequent to 1935, and whose initial slopes, taken as
of 1930, came from height-slope relations characterizing
European experience in the ‘twenties’ and “thirties.’ ** %

In its use of the sex-age adjusted birth rate (s.a.a.b.r.), the
Uiiited Nations has usually formulated fairly simple arithmetic

assumptions about future trends. Underlying the simple formu-.

lations, however, was usually a good deal of analysis and
theory. In the projections published in 1966, for example, a
- cousiderable theoretical analysis led to a general assumption
of a continuous but irregular decline of the s.q.a.b.r. for each
region over a 30-year period to one-half of its initial level,
for the high fertility countries.?’ Alternative dates of onset
were set for each region; the high fertjlity assumption repre-
sents a |ate date and the low fertility assumption, an early date.
(See discussion of “United Nations Projections of 1966
below.) )
r

® Notesteiner al.. op it . p. 189
 inited Nations, Werl
454,

atwn Prospects as Assessed in 1964, pp

Cohort-fertility method. —The period-fertility method is
very simple to apply operationally, but it does not always
yield reasonable févels of implied family size. Furthermore,
there is no logical basis for projecting the trend of annual
fertility and the levels assumed for various dates in the projec-
tion period are extremely arbitrary. The cohort-fertility
approach tries to overcome these weaknesses of the period-
fertility approach. The variation of the cohort-fertility method
described here employs data on the fertitity history of birth
cohorts of women, as they progress through the childbearing
ages. As may be recalled from chapter 16, conort fertility data
represent the cumulative fertility of specific birth cohorts of
women to each successive age. It may be noted that this varia-
tion of the method, like the period method. involves only the
variable of age. , .

In the cohort-fartility approach, the fertility assumptions are
directly formulated in terms of the completed fertility of real
cohorts of women, so that unreasonable or unlikely assump-
tions concerning completed family size may be avoided. In
fact, projections of births derived by other procedures should
be evaluated. in part, in terms of the implied completed family
size. The cohort-fertility approach makes possible the use of
additional information and relationships, such as information
on the expressed expectations of women regarding completed
family size that have been obtained in national or local sample
surveys, and historical evidence regarding the: relation of
cumulative fertility or mean age of childbearing to completed
fertility size, etc.

" The cohort-fertility method may be applied in different
ways. We describe the variation employed by the U.S. Census

23 . .
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Bureau in its 1967 projections. The steps are: ¢

1. Selecting “terminal’ levels of completed fertility for the
annual birth cohorts of womenr which will reach childbearing
age in the future (table 24-8). Four alternatives, corresponding
to the four series of population projections planned, were
selected. They are as follows: Series A, 3,350; Series B, 3,100;
Series C, 2,775; Series D, 2,450. In arriving at these figures,
account was taken of “‘expectations’’ data from various na-
tional fertility surveys and of historical trends regarding the
variations in completed family size.

2. Assigning age patterns, representing the distribution
of births by age of mother over the childbearing span, to the
terminal levels of completed fertility in step(1) (table 24-8).
Four patterns corresponding to each of the four terminal levels
of completed fertility were selected. They are based on the
age patterns of fertility of various historical cohorts which
had completed fertility rates similar to those set for the four
series.

3. Developing assumptions on the completed fertility
of each annual birth cohort of women which had already
reached childbearing age by the base year of the projections,
consistent with cumulative fertility to date for each cohort
and in line with the assumed distribution by age and the
assumed completed fertility rates for the cohorts which will
reach childbearing age in future years determinad in steps (1)
and (2) (table 24-9). The completed fertility rates for Bkse
older cohorts would not agree with those for the youlgger
cohorts in step (1) because of the fertility cumulated to date.

4. Calculating the cumulative fertility rates for each cohort
to cach age of childbearing, and the implied age-specific birth
rates, in each future year (table 24-10).

5. Applying the age-specific rates in step (4) to projec-
tions of the female population of childbearing age to obtain
the number of births for each year.

The cohort-fertility rates are first extended to the most
recent year for which the total number of births is known and
then tied in with the overall level of fertility estimated for that
year. This is accomplished by projecting the available age-
specific birth rates according to various assumptions to the
Qurrent year, selecting that series which most closely yields
the reported number, and then adjusting the rates to yield
exactly the reported number of births (cf. indirect method of
standardization, ch. 16). In the procedure followed by the U.S.
Bureau of the Census, cumulative fertility data available from
the National Center of Health Statistics to Janaoary |, 19685,
were projected to January |, 1966, and were then forced to be
in line with the estimated number of births for 1965. The cumu-
lative rates for the various cohorts for January 1, 1966, were
then extended to the end of the childbearing period on the basis
of previously established assumptions regarding their com-
pleted fertility and the pattern of age-specific birth rates.
Similar patterns were used to distribute the assumed com-
pleted fertility of new coho.ts entering the childbearing ages
after 1965 over the childbearing period

In preparing these projections limited account was taken of
information on the expectations regarding completed family
size reported by representative national samples of married
couples included in the Growth of American Families (GAF)
Studies of 1955 and 1960 and in the Universiiv of Michigan

——

“US Bureau of the Census. Current Populaton Reports, Series : -25.
No 3&1, “Projections of the Population of the United States, by Age. Sex, and
Color to 1990, with Extensions of Population by Age and Sux to 2015." by
Jacob S. Siegel, December 1967, pp 18-32 and appendix A.
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Table 24-8.—Summary of Age-Specific Birth Rates Used in
Distributing Terminal Completed Cohort Fertility Rates by
Age, According to Four Projection Series, for the United
States

[Rates are based on the female population adjusted for net  cnsus undercounts

These rates apply exactly to cohorts born after July 1. 19%4 and reaching age
14 after July 1. 1968]

Age of woman Series Series Series Sertes
(years) A B C D
BIRTH RATES
15 60 190 iieiiiininnnn,ns 87.4 77.0 64,5 51.8
20 20 24440 00ieniiannns 233.7 203.6 163,0 131.8
25 %0 2% itensiinnnanns e 180.9 167.9 150.8 133.8
30 to Misensannns 102,5 103.1 101,56 100,4
35 t0 9eiiiienn 50,7 5.0 54.3 55,9
40 to 44,......, 14.0 14.6 15.0 15,4
4580 49% . iiiiiiiiieeiiea., 0.8 0.9 c.9 0.9
Completed fertility rate’.....| 3,350.0 3,100.0| 2,775.0| 2,450,0
Median age of mother..,....... 25.3 25.8 26.4 27,2
PERCENT OF TOTAL
15 60 19 ieuriincnonsisanonses 13.0 12.4 11.6. 10.6
20 to 24,, teessssss 4.9 32.8 30.3 26,9
25 to 29., “eesesnes 27.C 27.1 27.2 27.3
30 to 3%,, sesetisetaias 15.3 lu.6 18,3 20,5
35 to 39.. 7.6 8.5 9,8 11.4
40 to 44.. I 2.1 2.4 2.7 3.1
45 Y0 4% i iiiieiiieenininnnnns 0.1 Q.1 G2 0.2
Completed fertility rate,..... 100.0 100,0 100.0 100,0

! Includes births to women under 15 years of age.

! Includes births 10 women 50 years old and over

3 Sum of age-specific birth rates over ail Chitdbeaing ages for cohorts born
after July 1. 1954 and reaching age 14 after July 1, 1968

Source U.S. Bureau of the Census. Current Population Reports. Series p-25,
No 381. “Projections of the Population of the United States. by Age. Sex. and
Color to 1990. With Extensions of Population by Age and Sex to 2015," Decem-
ber 18. 1967, table S

TRble 24-9.—Estimated and Assumed Completed Fertility
Rates, for 5-Year Birth Cohorts of Women, According to
Four Projections Series, for the United States: Birth Years,
190008 to 1960-65

[Average aumber of children born by end ot chiidbeanng period per 1.000
women Rates below e heavy line are rrojections ¢ ompleted fertihity rates
for birth penods 1950-55 and later correspond approximately (1950-55)
or exactly (*955-60 and later) to the ""termini’ rates}

Age on ﬁ::::: Completed fertility rate
Birth period of July 1, fertuluty
women 1963 rate to Series Series Series | Series
{years) Jan. 1, A B ¢
1966
1900-1905, , ., 6C to 64 2,421 | 2,421 | 2,421 2,421 2,421
1905-1910, 53 to 59 2,273 | 2,27 | 2,273 2,273 | 2,273
1910-1915, 50 to 54 2,310 | 2,310 | 2,310 2,310 2,310
1915-1920. 45 to 49 2,523 1 2,553 2,553 1 2,553 2,553
1920-1925, 40 to 44 2,84 [ 2,865 238651 2,863 2,
1925-1930, 35 to 39 2,978 1 3,133, 3,122} 3,117 3,115
1930-192%, 30 te 34 2,913 1 3,383 | 3,372 3,366 3,357
19251940, 25 to 29 2,284 | 3,368 | 3,36 3.,322| 3,295
1340-1945, 20 tc 24 1,084 1 3,305 23,1111 2,971 2,883
1345-1950, 15 to 19 157 | 3,320} 3,087 2,778 2,5 K
1950-1955, 10 to 14 31 3,347 3,098, 2,775 2,451
1955-1960, 5t39 =] 3,3501 3,100 2,775 | 2,450
1960-1965,.4.444.0 | Under 5 = 1-3,350] 3,100| 2,775 | 2,450
1965 and later,,., (2) -] 3,350 3,100( 2,775 | 2,450

— Represents zero

! Penod extends from July | of initial year to June 30 of termnal year

* Born after July 1. 1965

Source US Bureau of the Census, Curren: Population Reports Senies P-25,
No 381. "Projections of the Population of the United States. by Age. Sex. and
Color to 1990. With Extensions of Population by Age and Sex to 2015, Decem-
ber 18. 1967. table R
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Table 24-10.—Estimates and Projections of Cumulative and Completed Fertility Rates, by Birth
Cohort of Women, According to All Series and Series C, for the United States: Birth Years,

1900-01 to 1939-40

{Rates represent cumulative live births per 1,000 women up to age indicated. Rates below heavy lines are based, in whole or part, on
age-specific birth rates projected for years after 1966]

Completed Median
Up 10 Up o Up to Up 0 Up o
Barch yeat of mother age 20 age 25 age 30 age 35 age 4u '.::I,l,"y :.::h::

w

M1l series
1900=190L . i iuevievenennennesannnnas 287 1,112 1,780 2,195 2,430 2,511 25.9
1901-1902. ¢t vetvternrnnnsosenannns 10 1,115 1,750 2,135 2,355 2,435 25.7
1902=1903. . cevvveeenennronsonasanns Jlé 1,113 1,77 2,121 b 2,344 ~ 2,426, 25.7
1903-1904 15 o 1,391 1,697 2,083 2,10 2,392 25.8
19041905, ..o viiiiiiinnnes s Jl4 1,053 1,646 2,026 2,261 2,343 25.9
190531906, 00t iiteiiennnenns on wuns ;(l,v;{ i,gcz)s i,g«)i 1,981 2,2%6 2,326 25.9
1906=1907. . ciitiiiiiinniienes oane , 336 1,946 2,202 2,282 25,1
1907=1908. . ot vveneerennnns sonnnas 03 982 1,539 1,934 2,201 2,279 26.3
1908=1909. . iivirieinenrennnnnnnanss 290 933 1,478 1,888 2,154 2,230 26.5
16091910, .t iiieeneennnnnnnannnns 281 916 1,476 1,310 2,188 2,268 26.8
1910-1911. . .0iiieneecnnnnnnnannnaas 279 897 1,467 1,926 2,205 2,285 27.1
1911-1912...... eeeseserereeieane o 274 88s 1,472 1,951 2,222 2,303 27.2
1912«1913. . i cieeennnnncnnnnennnns 264 879 1,487 1,979 2,246 2,328 27.3
191321914, tiiiinnnnnennnnnnnnnnans 248 868 1,499 1,988 2,253 2,33 27.4
D U - ) . 246 856 1,498 1,986 2,252 2,331 27.4
1915=1916. . curnnnennnneennnannnns 243 871 1,538 2,035 2,307 2,387 27.3
1916=1917. . iiiiiinieiiiennnnnnnnns 24n 891 1,590 2,088 2,362 2,442 27.¢
1917219180 ee vurenrrnnenenennennns 248 930 1,649 2,155 2,442 2,522 27.3
1918=1919. it iieiiineiiannnnnnnn 261 1,003 1,72 2,269 2,560 2,640 27.2
1919+1920. . iveeeennnnnnnnnn. beean 273 1,034' 1,827 2,391 2,695 2,717 27.2

Series C
192019210 iiiiieneenninnnennnnns 269 1,016 1,847 2,406 2,701 <,778 27.0
1921=1922. . 0vivevnnnennnns 273 1,049 1,880 2,457 2,747 2,822 . 27.0
192221923, . . 0iiieniinnnnns 281 M 1,087 1,924 2,500 2,782 2,854 26.9
1923-1924.. 289 1,126 1,980 2,558 2,834 2,903 26.8
1924~1925. . 280 1,166 2,048 2,622 2,893 2,959 26.7
1925-1926. . 266 1,205 2,105 2,676 2,937 3,002 26,%
1926-1927.. 275 1,253 ~Z,162 2,724 2,971 3,036 26..
1927-1928 20 1,322 2,256 2,817 3,058 3,124 26.2
1928-1329 351 1,¥76 2,315 2,867 3,100 3,166 ¢6.0
1929-19.10 ko) 1,449 2,415 2,966 3,191 1,258 25.8
1930-1931 384 1,48C 2,45 | 2,974 3,197 3,264 25.7
193}-1932... &7 1,550 2,526 i 3,0% | 3,257 3,324, 25.5
1932-1933. .. «26 1,633 2,619 3,112 3,337 3,404 25.3
1933=-1934... 438 1,675 2,649 7, 126 3,352 3,420 25.2
1934-1938, .. 448 1,704 2,658 3,120 3,348 3,416 25.0
1935193 454 1,729 2,655 | 3,110 3,339 3,408 24.9
1936~1937 464 1,73C 2,615 3,069 3,300 3,369 24.8
1937=-1938. .. 479 1,735 2,576 3,032 3,264 3,333 24.7
1938-199... 431 1,714 2,516 2,973 3,207 3,276 24,7
19391940 487 1,691 \\ 2,462 2,920 3,155 3,225 24.6

S,

Source U'S Bureau of the Census, Current Population Reports. Senies P-29. No Nl “Projections of the Population of the Umited States. by Age. Sex, and
Color to 1990, With Extensions of Population by Age and Sex to 2015." Dec 18, 1967. table A-1

national sample surveys of 1962, 1963, and 1964.4 (See the
section on “Expected and Ideal Size of Family” inch. 17.) The
methods and results of these studies were rather similar. The
terminal levels of completed fertility assumed for the B and
C Series of fertility projections “straddled”” the mean nimber
of children expected by women in these surveys.

The coliort method of projecting fertility may be extended to
take into account other variables in addition to age, particu-

4 The former studies were carried out by the Scrpps Foundation for Research
n Population Problems. Miami Unmiversity. and the Survey Research C=nter.
University of Michigan, and the latter studies were carned out by the Popula-
tion Studies Center a
The methods and results of the 1953 and 1960 surveys are descnbed in Ronald
Freedman. Pascal i Whelpton. and Arthur A Campbell. Famulv Planning.
Sterdury. and Population Growth, New York, McGraw Hill, 1959, and Pascal
K Whelpton. Arthur A. Campbell, and John E Patterson, # rriility and Family
Planming in the Umited States. Princeton. N.J.. Princeton University Press.
1966. The design and resuits of the 1962-64 studies are descnbed 1n Ronald
Freedman and Larry Bumpass. “Fertlity Expectations in the Umited States
1962-64," Population Index. 32(2) 181-197. April 1966

Q .
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the Survey Research Center. University of Michigan .

larly marital status. Like the general cohort method, this
method employs cumulative fertility rates for birth cohorts of
women and assumed levels of completed fertility. In this more
elaborate method, howsver, the rates relate only to married
women, and hence assumptions must be made about the pro-
portion of women in each birth cohort who will have married
by various later ages and about the fertility rates for ever-
married women cumulated to these ages. The cumulative fer-
tility experience of each birth cohort to date for ever-married
women is taken into account, of course.

Applications of this method were made by Whelpton and his
associates, who based their projections of completed fertility
of ever-married women on the fertility expectations reported by
married women in the 1955 and 1960 GAF Studies.** In their
second study, they developed three series of population pro-

Iy

“ Freedman. Whelpton. and Campbell, op cit . chapter 11, and Whelpton.

Campbell. and Patterson. op ait, chapter 10
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jections — high. medium, and low ~ based on different assump-
tions regarding the percent of women who will ever marry, the
“average size of family" (i.e., completed fertility rate for ever-

- Married women). and the distribution of birth rates by age of
mother for ever-married women over the childbearing span.
(The mortality assumptions were essentially the same as those
used in the Census Burcau projections, except that ths compu-
tations were carried out for S-year age groups by S-year time
periods. Net itmmigration was assumed to be 300,000 per year,
distributed by age and sex iike the immigrant aliens in the
period 1957 10 1962.) The specific steps followed 1n develop-
ing the three series of projections of births are as follows,

1. Projections were made of the proportion of women who
will have married by specified ages 1n groups of birth cohorts
(tables 24-11 and 24~ 12) The three senes imply corresponding
changes in median age at marriage. For example. the medium
seri~s implies a small increase (less than | year) in the median
age . arriage. .

2. Next. projections were made of the cumulative fertilty
rates of ever-married women up to specified ages in groups of
cohorts, including the final ages of ferility The cumulative

.mantal fertity rates for each cohort group were projected to

the end of the childbearing ages on the basis of the average
expectations regarding the size of completed families reported
in the GAF Studies. The cumulanve figures up 10 specified
ages also had to-be determined. For example. for cohorts
entering the marriageable ages about 1980-8S5, 74.0 percent of
the cumulative births for ever-married women would have
occurred by age 30 in the medium series, as compared with
59.0 percent for the cohorts entenng the marriageable ages in
the early 1930's.

3 The cumulanve fertity rates for ever-married women
in groups of hirth cohorts were then converted into rates for
all women by muluplying the cumulative fertihity rate for ever-
married women in a given age group at a given date (item 2
above) by the proportion of women who have married by that
age (item | above).

Brum Pl BI‘IM

Pl = —Ff'f x 7,2; (N

The “medium” size of completed family indicated by the
married women 1n the GAF Study of 1960 was adjusted to
represent all women and accepted as the medium assumption
for completed family size in the Scripps Foundation project-
tions (2.820) The high (3.395) and low (2.275) assumptions

.+ correspond to the highest and lowest completed fertiinty rates
that have been reached or seem likely 1o be reached by cohorts
born so far in this century (1930-35 and 1905-15, respectively).

4. The nise from one age group 10 another in the cumula-
tive fertility rate of all women, for a given group of birth
cohorts (item 3), was used 10 derive the number of births added
per 1.000 women 1n a given nitial age group duning each S-year
interval. )

5. The projections of births per 1.000 women i a given
nitial age group in a S-year penod (tem 4) were then apphed
cumulatively to the female population by age at the beginning
of the interval 10 obtain th¢ number of births occurring to the
women during the period.

Another demographic variable which may be taken into
account in the application of the cohort-fertility method 1s the
order of birth of the child. Completed fertlity rate« for a given
birth cohort and birth order would represent the number of
births of a given order per 1.000 women or ever-marriert

-
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Table 24-11.—Estimated and Projected (Medium Series)
Cumulative Marriage and Fertility Rates for Cohorts of
Women Born in 1930 to 1933, by Successive Ages, for the
United States

[These cohorts reach 15 10 19 yedrs of age i 1980 and 4 10 49 years of age in
1980 Percents and rates helow the hofizontal hine are projections)

Number of
Cumulative l:umbu of bicths per
ent ever huths per 1,000 toral
Age pert f 1,000 women women
(years) mane ever martied
lex iy
(h ' ‘h (1)
15219 siiiiinininnnnnnens 17,3 Ty 126
64,8 1,347 a7s
23,3 2,3 2,13
3034, it tninnninriennnas 2.5 3,705 2,85
35230 i iiiiniiniennns L 3,35C 3,145
RN 95,0 3,440 3,262
i T 24943 3,450 3,235

Source U'S Bureau of the € ensus. C wrrent Populution Reports Series P-2$
No 286, "Projections of the Population of the United States. by Age and Sex
1964 10 1985, With Fxtensions to 2010, July 1964, table D-?

Table 24-12 —Estimated and Projected (Medium Series)
Cumulative Marriage and Fertility Rates Up to Ages 45 o 49,
for S-year Birth Cohorts of Women, for the United States:
Birth Years, 1900-0S to 1950-55

[Percents and rates below the horizontal Iine 4re projections)

’V Year in which Rirths per
cohorts reach~ Perce. Bircths per 1,000
Birth pcnog of ever 1,000 women total
woman Ages 13 Ages 45 | married |ever marned women
019 w0 49 3 xthys
1) = (2) (%} (4) 15}
1900~1905, ., 40 0us 1920 I 1950 92,2 2,625 2,420
190519104400 yu, 1925 1995 32,4 2,458 2,271
19101915, , 00 bus 1230 1760 93.3 2,481 2,315
19151920, 400000, 1935 1365 %0 2,700 4,565
1920-1925,,....., 1940 1970 0, 3,000 2,895
1925-1930 ,....., 1945 197 96,4 3,300 3,168
1930-1935,.,,.... 1950 1380 95,5 3,450 3,295
1935-1%0, 00000 | 1955 1985 45,0 3,300 3,135
1940-1%5,...00,. | 1960 1990 CY 3,200 3,524
19501950, 00000 196% 1995 M, 5 3,100 2,930
1930~1955,,..444, 1970 2000 4,0 3,000 2,82
1955 or later....| 1975 orl| 2005 o p
iater later %, 3,000 2,420

' Penod extends from July 1 of imitial year to June 10 of terminal year

Source 1S Bureau of the Censuy € urrent Popudation Reporty, Senies P-25,
No 286, "Projections of the Population of the United States, by Age and Sex
1964 10 1985, with Extensions to 2010." July 1964, tahle D- |

women at the end of childbearing. The available cohort fertilny
1ables for the United States include order of birth as a variable,
but not marital status.*® It would be possible, however, 10
extend the cohort-fertility method to include beth order of
birth and marital status. The expectations data from the
fertility surveys provide a basis for making assumptions regard-
ing the fertility rates for first births. second births. etc., at the
end of childbearing. This approach requires assumptions not
only about the completed fertility of each cohort and the
timing of their future births, but also about the future age at
marriage. or percents ever-married by age. and order-specific

“ See, for example. U S National Center for Health Statssties, Frtal Statigis
of the United States, 1966 Vol |, Nawahiy. 1968




20

THE POPULATION SECTOR (BUREAU OF THE CENSUS)

marital fertility. These additional assumptions, like the basic
ones required by the simpler variation, are subject to consider-
able uncertainty and may contribute to an increase in the
“error” of the projections. On the other hand, the explicit
introduction of t.e additional variables relating to marriage
and order of birth assures reasonable implicit assumptions in
these components of the overall fertility rates.

In spite of the apparently superior logic of the cohort-
fertility approach to projections of births as compared with the
period-fertility method, it has a number of weaknesses. First,
there are serious difficulties in determining the future level
of completed fertility of each cohort; yet, the results depend
heavily on these assumptions. Expressed birth expectations
may be unreliable because of changing circumstances,
particularly for young women who have recently married and
who have not begun childbearing. Making assumptions about
the level of comp!._ted fertility is particularly hazardous for
cohorts which have not yet married or even entered the child-
bearing ages, for whom expectations data are not available.

“(In only a few years women who are not currently married

will be-contributing a large share of births — zbout 50 percent
in the fifth year of the projection period on the basis of U.S.
data, for example.)

There are problems also in devc'oping realistic assumptions
regarding the timing pattern of the various cohorts ~the other
important detciminant of the annual number of future births.
(Changes in uming affect period rates even when the size of
the completed family does not change.) The past may not be
a good guide because of prospective changes in the socioeco-
nomic nilieu, and the survey data on birth expectations now
available can tell us little or nothing about future annual
changes in fertility, particula-ly after a few years of the pro-
jection period have passed.*® Mathematical procedures for
projecting the fertility of cohorts which have already started
childbearing may be useful for these cohorts but cannot serve
as a satisfactory basis of projecting the total fertility and
timing pattern of cohorts which have not yet entered child-
bearing.*” Accordingly. research has turned to an alternative
method, the marriage-parity-interval progression met... |,
which involves a greater disaggregation of the data and a more
realistic structuring of the components.

Muarriage-parity-interval progression method.— A number of
sequential probability methods may be devised which take
several fertility-related variables into account simultaneously.
They employ fertility rates in the form of prababilities and es-
sentially operate in attrition fashion. using as successive bases
the progressively smallei numbers of women who have ex-
perienced ¢ach successive type of event. The particular sequen-
tial probahility method described here, designated the marriage-
parity-interval progression method, takes joint account uf the
variables of marriage, parity, and birth interval, as the name
suggests. Single women a e reduced in numbers by marriage.
childless mamed women may become 1-parity women, |-
parity women may become 2-parity women, etc. The specific
procedure employed in developing *high™ projections of births
for the United States from :960 on by the marriage-parity-

“LFor a general cnticism of expectations data as a basis for projections of
tirthe see Norman B Ryder and Charles F Westoff. “The Trend of Fxpected
Panty in the United States 1955. 1960. and 1968." Population Index 33(2) 153~
168. Apnl-June. 1907 ana Jacob S. Siegel and Donald S Akers. "Some Aspects
of the Use of Birth Exp.ctatiuns Dala from Sample Surveys for Popylation
Progctions.” Demography 6(2) 101-115, May 1969 -

*Donald S Akers. "Cohort Fertlity vs Panty Projectionas Methcds of
Projectng Births. Demogaphy. 2:414-428, 1965 P
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interval progression method, as devised by Wilson H. Grabil!
of the U.S. Gureau of the Census. is as follows

1 First marriage rates (1.e , first marriages at a given age
per 1.000 women single at the next younger age) were com-
puted by single y~ars of age, primarily on the basis of the 1960
census data on the percent single among women (table 24-13).
As suggested in chapter 19, such rates may be computed on
the basis of the age-to-age changes in th "ercent single shown
by the census. expressed as a percent ot e figure at the earlier
age. (Adjustments may then be made to obtain a smoother pat-
tei 1 of marriage rates at some ages.)

Table 24-13.— Assumed (iligh Series) First Marriage Rates
for the White Population of the United States, by Age

{First marniages at age x per 1,000 women single at age x-1}

First First
Age u(l;:‘("b;nhdny marriage Age u‘int.‘(r:)mhdly mattiage
rales rates
b 11 )] 30iieeinnneeneninnes 60
15.. cisssserens L2 | I ) ST ¢ 45
16, . critsesiaes B 2iiiiiiiiicinsesinne. a5
17.. tersssssres [ | B T 29
18.,. PRI 142 ff 34.iieiennnneannnssnns 23
19.., terresaaies 212 T T 18
20.. seestesenes 229 36 .
tesssresesessanesens 17
21,. teretssiens 255 37 e
22... v 250 setesssetesssssnnnnse
2 235 b L T N 15
rrensrretenserecnene B P 13
et iiiiiiiatacescnces 200
23... cesesrrernnns 170 ] @0vuvienseninnrsnnanes 11
26,,, cesesnser s 4O “liiiiiiiieernnnnncens 16
2T iiserenrionsnsnnacs 12C |1 +2i0eeeivsnnnnnesnnans 8
- P 100 1 #3uv.eevnsensiesenenns 7
2 BOJfl ddivviiinencrcnannnnns 7

Source U S Burcau of the ( ensus. Current Population Reports, Series P-25,
No 286. "Projections of the Population of the United States. by Age and Sex
1964 to 1985, With Extensions to 2010, July 1964, table E-1

2. These age-specific first marnage rates (item 1 above). in
combination with an initial distribution of single women by age
and age-specific survival rates, were used to derive annual
proyections of first marriages of women of childbearing age, and
of women who were still single, by age The marnage rates and
survival rates were first applied to the sin_.. population by age
on the census date to obtain estimates of the number of women
who married in the year after the census and the number still
single at the end of the year. Tl process was repeated from
year to year. (A single set or a variable set of first marnage
rates could be used in future years.)

3. Nert, parity-inter val-specific birth rates were estimated
As may be recalled, a parity-interval-specific birth rate repre-
sents the probability that a woman of parity » at a given date
will have a birth of order n + 1 dunng the next year. specif: - by
the interval since marnage or previous birth. For this purpose,
it was necessary, in effect, to develop estimates of women by
parity and interval since the birth of the previous child (interval
since marriage for childless or zero-parity women) and of births
by order and interval since the birih of the next lower ¢.der. In
the calculation of the parity-interval-specific rates. extensive
use was made of anuual birth registration data by age and order

“ US Bureau uf the Census, Current Population Reporis, Senes P-25, No
286. “"Progections of the Population of the United States. by Age and Sex, 1964 to
1985, with Fxtensions 10 2010.” by Jacot S Siegel, Meyer Zitter. and Donald S
Akers. July 1964. pp. 35-37 and 84-86
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of birth over a period of about 20 years compiled by the Na-
tional Center for Health Statistics, and of sample survey data
compiled by the Bureau of the Census that classified women
by date of marriage and date of birth of each child and from
which interval between births was inferred.* Intervals of 12
months were used in the distribution of women in each parity
group, and parity groups up to the sixth (the terminal group
being seventh and over) were considered separately. Two sets
of birth rates for the second to sixth order were computed — an
“initial” set which was assum. J to apply only to the year after
April 1, 1960, and a “terminal” set which was assumed to
apply te certain later years (table 24-14).

4. The initial parity-interval-specific birth rates (item 3)
were then applied to the female population by parity and birth
interval in 1960 15 secure projections of births by order and
birth interval in the year after the 19€0 census. The results
were then used to obtain projections of the female population
by parity and birth interval for the end of the first year, which
became the baris for the application of the interpolated panty-
interval-specific birth rates for the second year after April 1,
1960, and so on sequentially. If allowance has to be made for

illegitimate births, first births may be increased by an appro-
priate percentage. Alternative series of birth projections could
be based on higher or Icwer parity-interval-specific birth rates.

In the application of the marriage-parity-interval progression
method described, no direct account was taken of the distri-
bution of the women by age or year of marriage in estimating
the births (except in the projection of first marriages). How-
ever, the concentration of births within a narrow spacing range
provides some indire<t control of age. In the absence of in-
formation on age, it is very difficult to convert the fertility
rates used in the marriage-parity-interval progression method
into completed fertility rates for birth cohorts.-The method can
be elaborated to incorporate the factor of age or duration of
married life, but the necessary information is only infrequently
available.

The application of the marriage-parity-interval pr-gression
method requires a considerable volume -of data relating to the
marri-~¢ and childspacing practices of women, based pref-
erably on cénsus or survey data on marriage histories and birth
rosters for age cohorts of women. Even so, at best, only cur-
rent rates can be directly derived from these data, and pro-

Table 24—-14. — Assumed (High Series) Initial and Terminal Values for Parity-Specific Birtlx Rates

of Children of First to Fifth Order,
States

by Birth Interval, for the White Population of the United

&

(Births of given order n during interval per 1.000 women of parity n— | at start of interval|

Initial values ’ Terminal values
Interval siace firat marnage Jat binhs

of women of aincé birth date per 1,000 2nd birtha oA 3ed burths 4th burtha Sth births 2nd birtha 3¢d births 4th births Sth birtha

of previous chuld O-panity per 1,000 per 1,000 per 1,000 per 1,000 per 1,000 per 1,000 per 1,000 per 1,000

(months) womenl Loparuty 2-panty J-panity | d-panty 1-panty 2-parnty 3-panty 4-panty

women women women wOome .. women women women women

)

0 to 11.. 332 39 28 23 20 36 25 21 20
12 to 22 409 357 221 201 180 335 198 183 172
2 to 35 a7 351 215 188 170 323 191 168 155
36 to 47... 234 302 184 147 133 261 158 125 114
48 t0.5 179 262 142 108 99 A4 119 88 79
OtoTl 153 199 108 59 55 150 89 42 35
72 to 8 118 159 a5 50 48 117 69 35 30
& to 95 85 125 68 41 41 92 54 28 25
9% to 62 108 56 36 36 75 44 2% 22
108 to 43 87 46 30 31 61 36 20 19
120 to 39 63 21 22 22 44 13 10 9
132 to 30 49 18 14 L. 38 11 7 6
14 to 155 23 43 16 10 10 3% mn 5 4
156 to 167 17 bde 16 8 8 27 10 4 3
168 to 13 42 15 6 5 22 9 3 F
180 to 13 31 11 3 3 18 7 1 1
192 to 203 11 20 6 - T - 13 4 - -
204 £0 25.00.ii0iaiieiannnenn 8 14 - - - 8 - - -
206 %0 227.0ctisnnneencinanns 7 10 - - - 4 - - -
228 %0 239, 0iiiiiiiinncenens 5 5 - - -~ 3 - - -
MO 0 251, ieeiiiiiiinnnnnnns 6 2 - - - 2 - -~ -
232 %0 263.000r00nierniecnrnes 4 1 - - - 1 - - -
264 0 2T5ieuieeeninrnnannns 3 - - % - - - - . -
276 20 287, . . iteiiriieniennns 2 - - - - - - - -
280 to 299....... terteesrreese 1 - - - - - - - -
JMuMover...............J.. - - - - - - - - \ -

-~ Represents zero or rounds to zero
! inalial and terminal values are the same
-

10 1983, Wi Exiensions 1o 2010, July 1969, tables E-2 and E-3

108. “Marriage, Ferulity, and Childspacing.” August |

]
bill and Rubert Parke, Jr.. July 12, 1961 3

i

Aruitoxt provided by Eic:

rce. U.S Bureau of the Census. Curremt Population Reports, Senes P-2S,

* U.S. Bureau of the Census, Currenr Populatiun Rego;ué Seru's P-}2'0. No
. by Wilson Gra-

No 286. "Projection »f the Population of the Unsted States. by Age and Sex 1964
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Jjection of the rates to allow for possible future changes is still
necessary. There may be few, if any, guides for doing this, as in
the case of cohort fertility rates.

The marriage-parity-interval progression method may be
most useful in making shori:term projections of births since
changes in marriage and chifdspacing patterns would be ex-
pected tc  hapge less in the short term than in (he long term.
In the long term it would seem useful to “’control™ the changes
in fertility to some Predetermined level of cohort-completed
fertility, possibly by merging the two methods after several
years and then shifting entirely over to the cohort method in
the long term.* The refinement of the marriage-parity-interval
progression method of projecting fertility may serve as the
fertility component of a complex demographic modei based on
aggregated data using macrosimulation techniques (ch. 22,
"Demographic Models").

Projections of Net Immigration. — For many countries inter-
national migration has long been of negligible magnitude, and
for others it has dwindled away to a trickle as compared to the
heavy flows of the past. The passing of the frontiers of settle-
ment and the enactment of very rigid national laws with respect
to either immigration or emigration, or both, have contributed
to this reduction of migration flows in relation to the corres-
ponding nutional population totals, and there is little likelihood
of a resumption of heavy flows. The volume of net immigration
will'often e too small, therefore, to justify separate treatment
of this component in population projectibns. Frequently, also,
the mere lack of adequate historical infofmation on the,volume
of migration dictates an assumptio no net migration. In
making projections of national population for many, and
possibly most, countries of the world, therefore, it is satis-
factory to ignore this component, i.e., to assume that the net
balance will be nil. This was the assuiaption employed inghe set
of country projections published by the United Nations in
1958,

As was notid in c!:gpjer 20, however, in a fair number of
cases, net migration Constitutes at least 10 percent of net
populatior: change. In the case of Australia (net immigration)
and Ireland (net emigration), it is a major factor in population
change M-~ sover, even though the volume of net migration is
small, population projections by age may be strongly affected
because of the special sex-age composition of the migrants.
It is desirable, therefore, to allow for net migration in some
cases.

The allowance for international migration may be an arbi-
trary rounded amount, roughly in line with recent experience,
which is assumed to remain constant for the duration of the
projection period. If the calculations are done by age and sex,
a constant age-sex distribution may also be assumed. Al-
ternatively, a constant ratc of migration may be assumed or
the amount or rate of net migration may be projected on the
basis of the recent trend. The age-sex distribution of migrants
is unlikely to resemble the population of the sending or re-
ceiving country, young adult males tending to be over-
represented among migrants. Therefo-e, the age-sex distribu-
tion is best taken from an availab.. distribution for recent
migrants. £%4 .

To simplify the computations, the migrants may be added to
9r subtracted from the population at the end of the year of
entry or departure or, less precisely, the quinquennium of

* Akers. op cit.. p 427. Sicgel ahdt Akers. op. cit.. p. |14
8 United Nations. The Future Growth of World Population. p 40.

entry or departure. This simple assumption eliminates the
need of allowing for deaths or births of the migrants during the
period of entry or departure (the average period of exposure to
the risk of birth and death.being one-half of each projection
period). At the same time, the age distribution of the migrants
should be adjusted to reflect the change in age between the
date of migration and the end of the migration period. Follow-
ing the period of arrival, the same birth rates and death rates
may be applied to the immigrants as to the general population.
Any difference in the levei of fertility or mortality of the
general population and the immigrant population would have
very little effect on the future population. These simplifying
assumptions ecliminais the need (or special calculations of
fertility rates and survival rates, and special adjustments of
the data on migrants.

The projections of the population of Great Britain made by
the Royal Commission in 1947 employed two series of migra-
tion projections, each of fixed absoiute amounts.’* Net immi-
gration was assumed for some population series and net emi-
gration was assumed for others because of the great uncer-
tainty regarding the prospects in the postwar recovery period.
Population projections for Australia from 1960 to 1975, made
by Borrie and Rodgers, employed three different assumptions
regarding immigration: 3 (a) None, (b} sonstant annual amouat,
and (¢) declining annual amount. Allowance was also made in
these projections for the indirect effects of immigration on
fertility rates. Since most arriving women were either wives or
fiancees and since the surplus of adult males among the immi-
grants helped to increase the proportion of native Australian
women (and of earlier immigrants) who were married, separate
levels of age-specific fertility rates were used for the no-
migration and with-migration assumptions.

The four principal series of projections published for the
United States in 1967 each employed the same assumption of a
constant annual net immigration of 400,000 from July 1, 1966,
to July 1, 1990.% This number corresponds roughly to thé vol-
ume of net immigration in the middle sixties. For the age #ad
sex composition of net civilian immigration, the same allowance
was used for each year in each series of population projections,
corresponding to the distribution in 1961-64. The future addi-
tions to the population resulting from an annual net immigra-
tion of 400,000 persons between 196% and 1990 may be deter-
mined by comparing projections Assuming this amount of net
immigration with projections assuming no migration, under
the same fertility and mortality assumptions. Such a compari-
son, indicating the cumulative additions or losses by compo-
nents of change, is given in table 24-1S5 for the projections with
B level fertility and slightly declining mortality. The projected
contribution of net immigration to population growth between
1966 and 1990 is 13.6 million; this is the total difference be-
tween the two series of population projections. Four kundred
thousand (net) immigrants per year wo.id vamulate to 9.6 mil-
lion over 24 years, but over 4 million more would be added by
the natural increase of the (net) immigrants in this period (4.6
million births less.0.6 million deaths).

The most recent national projections prepared at the United
Nations illustrate the projection of a changing amount of
migration. For a few countries (in Europe, the Americas, and

% Gireat Bntwn. Royal C ommission on Population. op it p 216

BW. D Borne and Ruth Rodgers. Australian Population Projections 1960 to
1975. Department of Demography. Australian National Umversity. Canberra.
August 1961, .

MU S. Bureau of the Census. Current Population Reports. Series P-2$, No
sl p. 42

29 — .




POPULATION PROJECTIONS 23

Table 24-15.— Future Additions to the Population of the United States Resulting From an Annual Net
Immigration of 400,000 Persons, By Components: 1966 to 1990

[Numbers in lhouymnds‘. Based on projections assuming an intermediate (B) level of fertility and slightly declining mortality.
Popu!anon series with immigration assumes that immigrants do not have births or die during the year of arrival. Base dateisJuly 1,

66‘
Cumulative additiors or losses Additions or losses during preceding period
(uly D Net additions
Year (July t Ne N N
Percent of Burchs Dearhs unm;r:uon lddu::ml Burths Dearhs mm:r'mo-
. Number toral
popularion®
19700 ceeesecsccecascacassasas 1,697 0.8 107 10 1,600 1,697 o7 10 1,600
1975 ievescnnnnnes Neseseesas 4,183 1.9 , 652 67 3,600 2,486 545 57 2,000
19800 ciceerernsncsnsnsnsense 7,026 2.9 1,605 1.7 5,600 2,843 933 110 2,000
1983, iieeeenenns Neeerreanas 10,179 3.8 2,929 347 7,600 5,153 1,324 170 2,000
199,00t ieresrsccsnssscsnanas 13,626 4.8 4,616 548 9,600 3,447 1,687 241 2,000

! dase 13 population including allowance for net immigration un date indicated

Source US Burcau of the Census. Current Popidation Reports, Senes P-25. No 381, “Progections of the Population of the United States. by Age. Scx and
Color 10 1390. With Extensions of Population by Age and Zex to 201%.” Dec 18. 1967, table DD, p 4

Oceania), assumed annual amounts of net immigration for the
initial period (1960-80) wcre projected linearly to zero
between 1980 and 2000.38

Because it is often impossible to arrive at a satisfactory
measure of past trends in the volume and age-sex distribution
of net migration and because it is extremely difficuit in most
cases to predict the future course of migration with any ¢on-
fidence, model allowances and imodel tables may be employed
to allow for this component. These may eitiser be incorporated
into the principal population projections, or they may be
computed and displayed separately from those projections.
The model can be used to measure the effect of any given an-
nual amount of migration upon the population figures for the
various sex-age groups. A mndel may be applicabie to a group
of countries in a particular geographic region, although it may
be based on the statistics of recent immigration and emigration
for a single country. Other models, suited to different situations,
can be developed by thé same methods. The U.N. projections
for Latin America were accompanied by a model which could
be used to estimate the effect of any given annual amount of
immigration and emigration upon the sex-age distribution for
various countries in Latin America.® The model is based on
the statistics of postwar (1948-52) immigration and emigration
for Argentina; it presents the effects of immigration at the rate
of 100,000 a year and emigration at 25,000 ~ year, with an
annual net immigration of 75,000. The effect of any alternative
amount of net immigration or net emigration may be determined
by inflating or deflating the model figures pronortionately; i.e.,
halving the figures if_only 37,500 net immigration is to be
asspymed.

Normally, the two components of international migration,
immigration and emigration. are projected in combination as
net migration. Consideration may be given to projecting im-
migration and emigration separately when separate trends in
these components can be identified and net migration is
sufficiently large. Even when there is an overall balance of
roughly zero net migration for a populatien, there may be

* United Nations. World Populanon Prospects as Assessed m 1963. pp 46-47

% United Nations, The Pcpulation of South America. 1950~ 1980. Annex C,
and United Natwons. Methods for Populanion Projections F  Sex and Age, 1ables
47-50, pp. 64-67.

substantial gross migration and, under these circumstances,
the contribution of immigration and emigration to the gross
migration may vary from one age to another. If the age-sex
diciributions of immigrants and emigrants differ considerably,
thcre may be reason to project, and evaluate the effect of,
immigration and emigration separately. Projections for West
Germany made in 1963 provided one alternative with net
immigration through 1969 but added a table giving the sur-
vivors and descendants annudlly over a period of 40 years of
100,000 immigrants and 100,000 emigrants by sex.*

United Nations Projections of 1966. — The population projec-
tions for the countries of the world published periodically by
the United Nations represent the single most important set of
international population projections available. We describe
these projections here as an illustration of how the components
of population change may be combined ift developing a compa-
rable set of population projections. In its latest set of population
prcsections, those published in 1966, the United Nations
applied the same method uniformly for every world region in
order to-achieve a certain degree of interregional comparability,
even though the methods are too crude for some areas and too
refined for others.™

These projections employed the U.N. set of model life tables,
which provide a representative set of survival raies for any
general mortality level defined in terms of é,. These generalized
assumptions were modified where this was considered appro-
pnate, and for particular countries expectation of life at birth
could exceed_the limit of 73.9 years assumed for the set of
model tables. The system calls for a steady decline in mortality
in t2 future in all countries; no increase in mortality is con-
templated. The amount of plausibie variation in death rates in
most regions of the world appears rather small, compared with
that for birth rates, and so only one mortality assumption was
employed to carry out the projections for most regions. In the
case of the remaining regions, however, high and low assump-
tions of mortality were employed.

*" Karl Schwarz. “Vorausschiitzung der Bevilkerung des Bundesgebretes bis
zum Jahr 2000” (Projections of the population of West Germany 1o the year
2000).; Wirtschaft und Statistik (Wiesbaden), 12:729-715, Dec. 1963,

% United Nations. World Population Prospects as Assessed in 1963.pp. 44-48.




A

THE POPULATION SECTOR (BUREAU OF THE CENSUS)

The use of a generalized procedure of allowing for mortality
introduces <ome error, particularly where the *trend” of the
model tables is not consistent with the actual past trend in a
given country, or even with the actual current level in the
country if it were known Other errors may be more serious as,
for example, the inadequacies of data on the age distribution
from which tive projections “take off.”" -

The assumptions on fertility are stated in terms of the U.N.
sex-age-adjusted birth rate (s.a.a.b.r.). Assumptions on fer-
tility were formulated differently for regions with gross re-
production iates greater than 2.00 and those with gross
reptaduction rates less than 2.00. Most of the world's popula-
tion has high fertility. which may very well decliné by the year
2000, but theie is little basis for furmulating specific assump-
tions. For these high fertility regions (i.c.. with GRR greater
than 2.00), it was assumed that fertility would begin to fali at
various dates before 2000 as follows: Taking general account
of the record of other countries which have dlready experi-
enced a decisive fertility decline, the s.a.a.b.r. in successive
+ S-year periods following onset of the 2:cline was assumed to
average 97.5. 90, 80. 70, 60, 52.5, «nd 50 vercent of its initial
value and to remain’thereafter at this level (i.c.. after a 30 Jear
period). Alter-ative high, medium, and low assumptions were
made for each segion in terms of the assumed date of onset of
the fertility dechne, and the alternative dates were set wider
apart in some regions than in others. In the high assumption
the date of onset was assumed to be later than in the low as-
sumption. (The rate, duration, and ultimate level of fertility
were assumed to vary from this general assumption in some
cases.)

For the regions of low fertility (i.c.. with GRR less than
2.00), the high, medium, and low assumptions were based on
an examination of variations previously observed in these
regions. For the high assumption, the s.a.a.b.r. was assumed to
average 20 from 1970 onward ip regions of very low fertility
and 25 per 1,900 in regions of moderately low fertility. For
the low assumption, the s.a.a.b.r. was assumed to fall to be-
tween 16 and 18:n 1970.

Allowance ,ur net migration was limited to those regrons
there the recent volume of net migration had been relatively
«arge in proportion to the natural population increase — Europe,
the Americas. and Oceania. The principal assumption was
that, in the period 1960 to 1980, there would be a fixed annual
migratory loss from Europe of 230,000 to America and
Oceania; between 1980 and 2000, the migratory balance would
diminish linearly to zero. (The assumption comprises a net
immigration, presumably mostly from Europe, of 40,000 an-
nually to Temperate South America, and an equally large net
emigration, piresumably mostly to the United States, from the
Caribbean and the Middle American mainland.) It was further,
assumed that an annual migraiory balance of 1,000 persons
would entail 2 demographic gain (or loss) of 12,000 persons
within the first 10-year period, and 15,000, 18,000. and 20,000
in each of the next three 10-year periods. These additions
(or losses) represeat the combination of the direct additions
due to net im.nigration and the mdirect additions through the
natural increase of the migrants.

Three sets of projections are presented for the world, major
areas, and regions, labeled “medium,” "high," or "low." based
on ccnsus data or estimates of total population and age-sex
composition for years around 1960. The individual series gen-
erally represent the combination of high, medium,. or low
fertility with the singlé assumption on mortality and migration.

In the few regions where high and low assu mptions of mortality
were employed, these were combined with ejther high or low
fertiity depending on the circumstances 1n each region. In
general, only one set of projections, corresponding to the
medium variant. is presented for each country. The medium
series 1s intended to follow the most plausible population trend,
and the high and low series are designed to represent upper
and lower boundaries of the range of maximum plausibility or
estimates of the range of error in the medium sernies. This range
varies from region to region. A fourth series. “"constant fertility,
no migration,” allowing for mortality impsovement. is designed
to serve as a busis for evaluating changes in the other series.
Available (official) national projections, extrapolated if
necessary to 1989, were generally employed for individual
countries.

Subnational Projections of Total Population and Age-Sex
Composition

In turming from the methodology of national projections to
the methodology of projections for geographic subdivisions, we
must become concerned with the outlook for internal migration.
Although the assumption that future international migration
will be ml or negligible 1s jusufied for many countries. internal
migration (particularly rural-urban migration) involves a large
proportion of the people in almost all countries, Indeed, as we
saw 1n chapter 13, the growth rates of a country’s political
subdivisions tend to differ largely because of internal migration
rather than natural increase.

The problem of making population projections is rather dif-
ferent for pohtical units, such as States and counties. and for
subdivisions that represent statistical classifications, such as
urban-rural areas and areas classified by size. As was noted in
chapter 6. the former are subject to relatively few boundary
changes. whereas the latter are frequently reclassified after the
results of each census become available. C hanges in population
resuling from boundary changes and revised statistical
classifications constitute, in effect. another major component
along with migration which must be considered in making
projections for these areas We will consider here only the
methods of projecting population for refatively stable, political
arcas not affected by boundary changes.

The range of methods applicable to subnational projections
is more extensive than for national projections. This situation
results from the fact that both independent methods and
methods dependent on the projection for another area (either
another geographic subdivision or. more commonly. the
country as a whole} may convemently he employed in the
calc' "ation, from the fact that the methodology must consider
internal migration as an additional factor. and from the fact
that many types of data are relevant and often available.
Although internal migration 1s often an important factor in local
population growth, and it must be taken account of in projec-
tions, the allowance for this factor does not have to be explicit.
The vanous methods for subnational progections include
mathematical methods and ratio methods: cohort-component
methods. methods using economic analysis.. particularly cor-
relation with *indicators.” i.e.. vanabler whose changes more
or less reflect changes 1n population. and combinations of these
methods. The various analytic methods attempt to take ex-
plicit account of one or more of the demographic or socio-’
economic variables with which change in the geographic distri-
bution of the population 1s related. Once again, because sofne
methods derive the projections of total population by com-
bining projections for age groups and because others may be
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applicable for deriving projections of both total population
and age-sex structure directly, it is convenient to consider the
projection of total population and age-sex structure at the
same time.

Mathematical and Ratio Methods. — We consider first those
methods which employ a minimum of independent data, as-
sumptions, and variables for making the projections. Even
when additional statistics, including estimates of past net
migration, can be developed, one does not have to use the more
complex, analytic methods, especially if projections must be
prepared for a large number of geographic subdivisions and
rough figures are satisfactory. In the mathematical methods, as
previously noted, typically the series of total population figures
for past ycars for the area are directly extended to future
years by use of some mathematical formula, without benefit of
other related series of projections. In the ratio procedures,
typically the series of total population figures for past years are
extended by mathematical formula as a ratio of the population
for some larger area for which population projections are al-
ready available. Sometimes the two methods may be applied
in such a way as to imply aigebraically nearly the same pro-
cedure and give the same results; for example, projections for
a set of geographic areas derived by mathematical extrapola-
tion of absolute totals and-pro rata adjustment of these extrap-
olated figures to prior projections of the parent (i.e., more
inclusive) population may closely resemble projections ob-
tained by the ratio method.

Mathematical methods. ~The forms of mathematical curves
useful for making projections of local population are very much
the same as those useful for making national projections, as
noted. carlier and as described in chapters 13 and 22. Local
populations may be projected by straight lines, simple geometric
curves, polynomials of second or third degree, or complex
growth curves such as the logistic curve. The curves may be
passed exactly through the past data or simply approximate
them. The .particular curves differ in their suitability for par-
ticular situations or in the probable errors associated with the
results. Special caution is necessary in the use of mathematical
curves for projection” purposes. A mathematical curve may
project an unreasonably large figure for a local area in relation
to a prior projection for the parent area and, in extreme cases,
may project u larger figure, even with the same mathematical
curve. None of the curves, except possibly the logistic, is
applicable over a long period because they imply either
unlimited growth or indefinite continuation of the same growth
pattern.

Ratio methods. —~ The ratio method of projecting total popu-

lation is peculiar to projectibis for geographic subdivisions. In -

this method the percentage distribution of the parent popula-
tion (e.g., a country) among the geographic subdivisions (eg..
States) is observed for ne or more past dates, projected to
future dates, and applied to an independentlv derived projec-
tion of the parent population. For the proféction of the percents,
- the percent distribution may be held constant at the last
observed level or may be modified in some way to take account
of the past trend. Although, in principle, the chief factor affect-
ing the redistribution of population is internal migration and
this component of change is quite likely to be influenced by
economic developments, there is no direct practical way of
taking account of plans or expectations concerning the eco-
nomic development of regions in the ratio method. The percent
distribution may be assumed to approach a stable condition
after a great number of years on the ground that differences in
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fertility and mortality will have disappeared and net migration
will have fallen off to zero for each area. There are many
ways of accomplishing a shift to stability in this distribution.
One procedure for calculating projections by the ratio
meti.od may be illustrated for the provinces of Canada (table
24-16). These projections assume that the average annual rate
of change in the percents observed between June |, 1961, and
June 1, 1969, for cach area will fall off liicarly to zero by the
year 2,025.* First, the percent distributions of the national
population by provinces in 196) and 1969 are calculated
(cols. I and 2). Second, the average annual rates of change be-
tween 1961 and 1969 are derived (col. 3), They are assigned to
the middate of the period, Dec. 1965. These rates of change are
then extrapolated according to the .basic assumption noted
above (cols. 4 to 9 and cols. |3 to 17). The population percents
of June 1969 are then extrapolated to 1975 (col. 10) and 1980
{(col. 18) according to the annual percent changes previously
determined for each projection year. These percents do not
automatically add to 100.0 and require some adjustment (cols.
11 and 19). Finally, in columns 12 and 20 the absolute figures
are obtained by multiplying the percents by an independently
derived projection of the total population of the country.%
Another variation of the ratio method employs an assumed
relationship between the area’s own growth rate and that of
another area for which a projection is already available. In
this case the other area may be a broader area or a coordinate
geographic subdivision. The method is especially applicable
when (a) adequate population and vital statistics are lacking
for a given area, (b) data are lacking for part of an area’s popula-
tion, for example the tribal or nomadic population, or (¢) the

- telatively sms** population of the area or the limited time

available make: it impractical to construct an independent

projection.

The ratio method in either form may also be used, of course,
when a single geographic subdivision requires a population
projection. Moreover, it is readily capable of extension to a
hierarchy of subdivisions. For example, having been used for
states or provinces, it may next be used for the counties or
communes of which these primary subdivisions are constituted;
in this case, the projections for the primary subdivisions are

" employed as totals to which the secondary set of percentage

distributions is apphed.

The ratio method may be readily adapted to derive projec-
tions of the age-sex distribution of geographic subdivisions.
Two types of ratio techniques are considered here for pro-
jecting the age-sex distribution of the primary divisions of a
country. Both require prior projections of the national popula-
tion by age and sex and of the total population of each area.
The first employs the ratio of the percent of the area's popula-
tion in each age-sex group to the corresponding percent for the
national population at the last census.® It is then assumed that
the ratios of the percents will not change, will change according
to the intercensal “trend,” or will change according to some
other principle, as for example, that the rati . will approach
unity by some distant date. The projected ratios are then
applhed to .the projections of the percent distribution of the

* All caiculations ure actally carried out in terms of proportions rather than
percents (1 €. on a unit basis)

" An_alternative bricfer method of projecting the ratios 13 illustruted in.
Heien R Winte. J S. Siegel. and Beatrice M Rosen, “Short Cuts in Computing
Ratio Progections of Population,” Agricultural Economics Research, 5(i) 5-11.
January 1953.

*' For an application of (s method, see Margaret J Hagood and J S. Siegel,
"Projections of the Regional Distribution of the Population of the U nited States -
10 1978, Agricultural Economecs Research, 3(2) 41-52. Aprif 198}
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Table 24--16. — Projection of the Population of the Provinces of Canada by the Ratio Method fiom
1969 to 1975 and 1980 .

Pament distributi Average annus! rate of chaage 1a percent? : -
of tntien? Preliminary
popyisien Projected perceat
Previace Esfimpted, disuribution,
Cengus, Eetimotes, 196169 ; g y ’ Juse 1, 1973
Jooe &, 1961 | Jume 1. 1969 ; 1969-70 1970-71 | 1971-72 | 197273 | 1973-74 | 1974-7%
7 () (2 ) ) s I3) %)) ® 9 (10)
Copad,.....ocoovnennnnnnnenns 100,000 100, 000 (x) (x) {x) (x) (x) (x) (x) 100,166
Nowt. 2,90 24411 -0,49| -0,322{ -0.76| -0.310| -0.304] -0.298] -0.297 2,399
Prinee Bdwvard Ialand,,,.. 0.57 0.522{ -1.188| -1,003{ -1,072] -1.0%| -1,030| -1.009} -0.988 0.489
Nove Seotia, 4,041 3.6231 -1.365| -1.297( -1.233] -l.209| -1.185) 1,160 -1.137 3.3n
v Brunsvic 3. 278 2.968 -1,241 -1.142 -1.120 -1,098 -1.076 -1.0% -1.032 2.780
Quebdes,..... 28.83% 28,413 -0,18" -0,171 -0,1681 -0.165{ -0,162| -0,1%| -0,1% 28,07
Ontarie 34.192 35,383 +0.428 +0,3% +0,389 +0, 382 +0,¥75 +0, 368 +0,.361 36,241
Mandtobe 5,05 46481 -1 06| -0,95| -0,9%47] -0.929( -0.911{ -0.,89¥ 0,875 4,399
Saslmtshamn .53.073 4,553 -1,39 -1,:47 -1.224 =1.200 -1.178 -1.1% -1,132 4,239
31 . 7.303 T.4121  +40,185| 40,171 | +0.168] +0.165]| 0,162 40,199 40,156 7.502,
Pritish Columbisec..oicnccncnnanas 8,932 9.8141 41.178] 21,088 | J1.068| +1,068( 41,028] 41,008 40,988 10,437
Yulon and Northwest Territories,,, 0,206 0,223] 40,991 40,914 | +0,897 40,880 +0,863| +0.86| 40,329 0.235
Prejected population, Projected average sanusl tate of change Projected populetion,
June 1, 1973 10 peceat June 1, 1900
3
Adivand - Percent distribution
percent Number 197%-76 1976-77 1977-78 1978-79 1979-00 Number
distnbution {Preliminary! Adjusted -
(1) (12) (13) (14) (19) (16) an as) a9 20)

T - Caneds, . y,..iieiieiiiieienenns 100.000 | #23,236,025 {x) {x) (x) (x) (x) | 100.162} 100,000} 325,250,634
Pevfouwndlamd, . ...oo0itesnocanconese 2.95 596,962 -0,286 -0,280 0,27 -0.268 -0,262 2,360 2,3% 594,905 |
Prines Bdward Ialand cnee 0408 |- 113,480| -0.9%7] -0.%6| -0.925] -0.904| -0.883 0,464 0,463 116,910

'Nova Seotda., 3,368 762,%5; -1,113| -1,089]| -1.065| -1,01} -1.,07 3.187 3,182 803,475
Nev Brusswiek 2,775 645,335 -1.00f -0,988] -0.966| -0,%4 | 0,922 2,645 2,641 646,869
26.027 6,917,966 | -0,153| -0.130| -0.147{ -0,144| -0,141} 27.8m| 27.786 7,016,141
3610 8,414,262 | 40,354 | 40,347 | +0.340{ +0G.333| +0.326| 36.764] 36,704 9,267,99%
Manitobe, 4,392 1,021,408 -0,897 =0,83% -0,821 -0,803 =0,785 4,214 4,207 1,062,29%
4,232 984,195 -1.109 -1.086 -1.063( -1.060| -1,@7 4,004 4,005 1,011,288
Albarts,......... 7.490 1,741,876 |  +0,153{ 40,150 }. :g.l/.'r 40,144 | 40,14 7. 544 7,532 1,901,878

. Britdsh Columbin..,.,..couvennees 10,420 2,423,278 +0,968 40,98 | ~4+0,928 40,908 +0, 888 10,897 10,879 2,747,016

Telen td Northwest Territoriee.,. 0,235 54,652 +0.m2 +0,79% W:m +0,761 40,744 0,245 0,24% . 61,864

X Not
idem, “Estimaiod P

»

opulation by Sex and Age Group. for Cannda and Provinces, june 1. 1969. Dec 1969
* Rate for IOQI-H derived from the percemt distributions for 1961 and 1969 Rites for 1969-70 10 1979-80 de
chunge for 1he period 1961-69 (with July |, 1963 us 1he masumed ceniral date) and the rate for the period Z020-25. which is assumed lo

* Derived by ing the tions given in. Wol| M. ling. Poprtation. Fariily,
for 1he &mm of (!mn- Sept 1967, 1able 2-7 tseney with medum

immigration and medium fertility)

apphicable.
' Sources of busic data: Canada. Dominion Buresu of Statistics. Census of Canwdu, 1961, Vol | (Pant 1). Population  Geographical Distribution, 1962, and

ed by linear mterclmon between the rate of
ZelO In every case

Household und 1 abor Force Growth 10 1980, Starf Study No 19, prepared

population by age for the country as a whole to obtain projec-
tions of the percent distribution by age for each area. Each of
these percent distributions must then be proportionately ad-
Justed to 100 percent for all ages before being applied to pro-
Joctions of the total population of each area. Proportionate
sdjustments of the figures for all areas at each age 1o the na-
tional tozals at that age, and of the age-sex figures for.each area
tb the total of all ages for the area, follow in order. This cycle
of adjustments is repeated uatil full, or nearly full, agreement
with marginal totals is obtained .(known as the method of
_Herative proportions or two-way raking: see ch. 22).

Two-way raking is siso applied in the second ratic procedyre
for projecting the age-sex distributions for a set of subnational
aress. Here, the male population and the female population at
exch age in the parent population at the first projection date
are distributed by geographic arems according to the regional
distribution at the last census, and the results over all ages are
- then adjusted proportionately to the independent projection of
the total population of each area. The resulting figures are
again subjected 10 the same adjustment cycle until complete

reconciliation with assigned marginal totals has been achieved.
These final results are then utilized as a basis for deriving the
projections at the next projection date by the same procedure,
and so on. This two-way raking procedure has been applied
principally in coppnection with projections of the urban and
rural population by age and sex (see app. A).

These two ratio techniques may be effectively merged into a
single procedure. Cnnsider the case where duta on age. sex.
and geographic subdivisions are available for & single census
and it is assumed that the sub-area-to-total-area ratios of the
percents for each age group will remain unchanged from one
projection date to the next. The final figures for the first pro-
Jection year. after raking is completed, may then be employed
as a basis for calculating the rtios of the percents to be used in
the second projection year, and so on.*® .

* A step-by-step descnption of this procedure, including applications to the
coustries of Central Amenca. 1s given in United Nations. Economic Commission
for | atin America. Human Resources of Centrul Amerie g, Punama, and Meviro.
1950-80. 1n Relatim to Some Aspects of Economic Developwent. by | ot §.
.app B and pp 41-44

Ducofl. 1960,
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In sum, the mathematical and ratio methods of projecting
regional population generally have the advantags of simplicity
of computation. but they do not take into explicit account, and
hence provide little or no information with respect to, the
demographic or sociceconomic correlates or components of the
indicated trends. Nevertheless, the results may usefully serve
as approximations to the future geographi- distribution of the
populinion.of an srea, particularly when compurable {igures for
a set of constiivent areas are desired quickly and with little
investment of resources.

" Cohert-Component Method. - T:e cohort-cumpanent method
is now the most widely used of the aralytic methods for prepar-
ing regiocnat projections. The general ouhne of the niethod 15
the same ay indicated for national projections. but ihe compg
nent of internal migration must be incorportated 'mio the
procedure. This method is especially appropnate if projections
by age and sex are wanted in addition to totals. Carrying out
compunent projections or an age-specific basis is fecoin-
mended even when projections of only the total populaiion arg
sought, because of the added specificity of the assumptions and
the provision of data on the age-sex distrbution of the poputa-
tion as a by-product. The cohort-component method may be
applicd with vanous degrees of refinement and coraplexity,
from a vanation in which mortality and migration are handled
Jointly and a single assumption is made tor this ointeemponent,
to ore 11 which migrution is treated as three components.
namely, net immigration, gross in-migration, and 1048 out-
migration, and several assumptions are made with respect o
- each component of change. in applying the cohort-component
methed, the choice of a apexific procedure 1s suggested n farge
part by the 1ype and quality of data available and e resources
for developing the projcctions.

Sufficient testing has not been carried out to support the
conclusion that the analxtic methods, including the cohon-
comporznt method. provide more accurete or realistic pro-
Jections than the ratio and mathematical methods, but they
may be preferred for a number of reasons, quite apart from the
relative accuracy of the methods. As sn the case of national
projections, they may be expected to provide more meaningfui
and useful results for subnationat areas since tiey attempt ro
take explicit account of the components of change and of
available knowledge regarding the course of these components.
In addition, direct use can be made of nationa! pragections of
mortality, fertility, and net migraticn from abroad. From the
standpoint of accuracy, however, the choice of method may be
less important than the choice of assumplions. particularly
those relating to individual components. Like any set of pro-
jections based on recen: past trends, projections using the
cohort-component method will fail to predict a shift away
‘from these trends during the projection period and, hence, may
differ from actual developments.

Use of census cohort-change rates. - 1n the simplest fo,m of
the cohort-component method the components of net migia-
tion and mortality are treated as a unit in the projections for
the cohorts already alive at the base date, and a sinigle assump-
tion is made that the rates remain unchanged. In general, the
method involves carrying forward the latest census or current
population by age and sex to future years by use of census
cohort-change rates (sometimes called migration-survival
ratios), representing the ratio of the number of persons enumer-
ated in a given age group in one census to the number of
persons in the, same birth cohort enumerated in + previous
census. Census cohort-change rates include. in addition 1o
mortality and net migration, the effect of relative errors of
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enumeration between successive censuses. In the formula of
Hamilton and Perry cohort-change rates for a given area be-
tween the two censuses are assumed to remain constant in
future years: &

WP,
-ﬂ::=#.l’4 @)

where P is population, a is the initial age of the age interval at
the c2cond census, 7 is the size of the age interval, 1 is the year
of the sacond census, and & is the intercensal interval in years
(a myitiole of . uaually S or 10 years). The formula does not
directly allow for ‘he calculation of projections of children in
the cohorts boia du.ing the intercensal period. In the Hamilton-
Pery procedure births during the projection period are esti-
mated by helding constant recent age-specific birth rates.
in our illustrations below, we hold canstant the last observed
chid whmen rativ. Although formula (8) assumes no change
from the inteicensal perod o the projection period in age-
specific death rates, migrauon raies. and patterns of net census
error, alternative as_umptions are possible. .

Censuses are takes most commonly at 10-year time intervals
and show abridged age detuil for geographic subdivisions of
the country. In this case, it is o3t convenient to prepare
projeciions at t0-yesr tiune intervads for a combination of
5- and §0-yewr ape 2roups {depending on the original age
detail). An “ustration, refating 10 Sivas Province in Turkey,
emp'oys census data for 1255 und 1963, tc c'crive projections
for the female pomuistion in 5 and 10-yee- age groups for
1975 (1able 24-17) ‘ihe age ‘ata shown fur 955 and 1965
fepresesty the Muximum common dewl available in these
censuses, and projestions for the - ipme age groups were pre-
pared. Census data ¢ 2iso availzvle for 1960 but were dis-
regarded for this illustration; o adjusamenis wvere made for
€rrors in Joverage or age reportng in the 1975 and 1965
censuses: To adapt to the age deta™ availible we have calcu-
lated 10-year vensus coheri-change raics for S-year age groups
up to 2024 and for 1G-yoar age grouns 25 and over; for
sxample,

Frte o [ 300 P
2 54 ?ms\ 10-14
0.4

plves

Pt oo B o

> M4 Ptﬂ,\ -4
13-24

S
Py "8 | piwss
a5+ e 554
G ]

tor the ages under 10 in 1975, we have emploved the foliowing
ratios of children to women:

. PHH'."

[ R XY

1978 o~ _ 2% _ | Digrs
F\ 8 PINS P!ﬂ-s{
205

Where the cernsuses are five years apart and S-year age data
are available for the geagraphic units, projections can con-
vemently be made at 5-year ime intervals for S-year age groups

*( Horace Hamilton and Jo.ef Perry. “A Short Method for Projecting
Population by Age Front One Decennial Census to Another.”" Social Fores
41(2) 163-170, Dec 1962
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Table 24-17. —Projection of the Female Population: of Sivas
Province, Turkey, by Age, by the Census Cohort-Chenge

Method (10-Year Iitercensal Period), from 1965 to 1978

Projected
Ratio popylsuon,
Age ) Coneurs | o 1973
(years) s ~
@)1 0% | DD, 0=
) () 3) 4)
Totalieiesaasss 300,383 354,809 (x) 418,741
O, yiunnessnaones 54,095 59,569 (x) 271,992
Deisesosensennnes 41,990 55,957 1, (x) 266,156
10-14.. 27,566 41,585 7687 45,791
15-18.. .re 25,757 29,291 6976 39,036
20-4.. 28,216 25,455 49234 38,400
25-34,. 47,127 55,516 1.0286 |, 56,312
3544, . 28,821 35,614 7557 41,953
43=54,0c0ieirennnee 23,040 22,028 7640 27,200
53=64. 0000000000000 14,446 18,347 +7963 17,51
65 and over..e.. 4. 9,315 11,446 3.4817 414,351

X-Not apphcable
* Sources Turkey. General Statistical Office, Census of Population. Oct

23, 1955, Population of Turkey, Vol 67, table 16, 1dem, Census of Populanon,
Oct. 24, 1965, Social and Economic Charactensties of the Population. table 12
Ages not reported have been prorated

* Caiculated by epecial formula, see text

3 Derived by: 11,446 — (14,446 + 9.315)

* Denved by 4817 (18,347+ 11.446)

by census cohort-change rates, except for young children. The
projections for children under $ in the first projection year can
be derived by assuming that the ratio of children to women of
childbearing age in that year and ! .cr years will be the same as
shown by the latest census. We can also carry out this pro-
cedure for Sivas Province in Turkey using the census data for
1960 and 1965. The steps are: (1) Subdivide the 10-year data

for ages 25 and over into S-year age groups (chapters 8 and 22),
(2) carry the population forward to 1970 and 1975 in S-year age
groups by the cohort-change method, and then (3) recombine
the data into the age groups of the census. Table 2418 presents
the calculations for part of the age distribution and the resulting
total over all ages. The age groups above age 25 were sub-.
dividgg by osculatory interpolation (Sprague multipliers) in
order to derive the required S-year cohort-change rates. The
projections for children under 5 in 1970 and 1975 were based
on the assumption that:

( Po.s )lm__( Pos )mo_( Po.q \1P
PIS-‘D Plﬁ-l' PIG-CD)

A comparison of the projections for 1975 in tables 24-17
(col. 4) and 24-18 (col. 5) indicates substantial percentage
differences at a few ages under 35. The differeaces may be
viewed as reflecting principally the results of employing two
different assumptions of net migratior, although differences in
mortality and in net census errors are also involved.

Direct estimates of net migration.— A more refined pro-
cedure, which we may call the cohort migration-survival.
method, treats migration as a separate component, In the mosi
common variation, births, deaths, and net migration (combining
net immigration and net internal migration) are the components
directly manipulated. Although statistics of gross migration are
useful in analyzing past population redistribution and in making
more realistic assumptions about future migration ‘(see next’
section), they may be unavailable and use of such data, when
«vailable, greatly complicates the method. The effect of
migration on population change may be measured more simply
by use of estimates of net migration. As we have seen in chapter

Table 24-18.—Projection of the Female Population of Sivas Province, Turkey, by Age, by the
Census Cohort-Change Method (5-Year Intercensal Period), from 1965 to 1970 and 1975

1
Projected Projected
Rato populstion, populstion,
Age () Censug, C'{,‘;:{' 1970 1973
{years) 196 1
. (DaHDa3= (3)gx(2g-3= (3)ax(4)g-5=
(1) 2 ) (4) [$))

Total, all ages?......oiiiiinnnnnniisnn.nns 333,851 354,809 (x) 376, 504 401, 574
Under 5...... e ERTTRTTTR 56,616 59,369 x| . » 263,33 468,179
39, iiiiins Cverrrene e e 50,065 55,957 .9884 " 58,878 62,600
B L 36,303 41,585 | * 8306 | .- T 46,478 48,904
15-19,.0000s s Cerretereaaarata et rraa ey 24,502 29,291 .8068 33,551 37,498
R0m24. 00 ariennnniinrinirannes ererrrraeeaaaen, 26,779 25,455 1,0389 30,430 34,856
25«34, 0uiiinnnnns [ Crrrrrenirnneas (57,136) (55,516) x) (53,183) {57,192)

25%-09,...... ereneareeae e st ranes 29,526 28,517 1,0649 27,107 2,408

B 27,610 26,999 9144 26,076 24,787
: )

X Not applicable

' Sources Turkey. General Statistical Office, Census of Popilation, Ocf 23. 1960, No 452, table 5. idem. Census of Population Oct 24, 1965, Soctal and Eco-
nomic Characteristics of the Populanion. table 12 Age not reported has been prorated Age groups 25 and over were subdivided into S-year age groups by osculatory

interpolation (Sprague multiphers)
* Covers all ages. including 35 years and over
? Calculated by use of the formula

- ° Poey emeus)
Jocted}
P

P}E.',""""
¢ Calculated by use of the formula

P 'u’m terupecd)

X Pl gromiet

Piyre orociodi

35
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21, such estimates, combining international and internal migra-
tion as well as the effects of bouudary changes, are readily
calculated as intercensal residuals for the political subdivisions
of many countries. Amounts and rates of net migration by age
can be derived for those areas which have age data in the
appropriate detail in two appropriately spaced censuses.
Amounts and rates of net migration can occasionally be
computed also from census or sample survey data on place of
residence at a fixed date prior to the census or survey.

A variety of cnoices are available for making assumptions
regarding future migration for geographic subdivisions. The
migration assumptions may be expressed in terms of amounts
or rates of net migration. The amounts or rates assumed should
be based on actual experience in some recent period in the
specific local area; they may be held. constant or projected
according tv some formula Gradual change to half or some
other proportion of the previous intercensal amounts or rates
by some future date is a type of alternative assumption. To
simplify the expression and application of the assumptions,
rounded amounts or rates may be employed. Estimates of net
migration by age for a current period, for use in population
projections for looé’areas, may be computed in various ways,
as described in chapter 21. Either actual death statistics, life
table survival rates. or national census survival rates may be
employed to make the allowance for mortality in a residual
procedure. The “forward™ formula is well adaptea to the
needs of projections. The estimated amounts of net migration
may then be converted to rates for the purpose of projections
by dividing them by the “expected” population, that is, the
survivors, at the end of the intercensal period, of the initial
population. \ N

Accordingly, if the population is 10 be carried forward by
3-year time intervals with S-year migration rates of this kind,
we could proceed as follows: (1) Calculate or sefect appropriate
S-year survival rates for the first S-year projection period;
(2) carry forward the initial population to the end of the first
period with these projected survival rates to derive the “ex-
pected™ population; (3) make an allowance for net migration
by applying ratzs of net migration to the “expected™ population;
(4) project the number of births or the number of childr== under
5, (5) repeat these caiculations for each subsequent S-year
projection period.

It may be recalled that intercensal estimates of net migration
by age derived es residuals by use of rational census survival
rates are presumably free of net census errar. It is desirable to
employ this method in order to measure the migration com-
ponent more accurately when making assumptions regarding
future net migratiun. We can also allow for subnational varia-
tions in mortality in census survival rates if data are available.
On the other hand, the method necessarily incorporates the
assumption that regional census-to-census cohort changes in
net census errors are the same as the national figures.

Procedures for deriving projections of population by the
cohort migration-survival method using census survival rates
are illustrated for the female population of Sivas Province,
Turkey. Proiections of the population to 1975 by S-year or
10-year age groups, based on the census data for 1955 and 1965
(disregarding the 1960 census)and conforming to the age data
avz'lable from the 1965 census, are presented in table 24-19.
The steps are as follows:

A: Derivation of net migration rates by age, 1955-65:

1. Calculate national census survival rates for the ferﬁlle
population of Turkey, 1955-1965 (col.2).

2. Apply these rates (col. 2) to the census population of
Sivas Province in 1955 (col. 1) to derive the expected popula-
tion 10 years ouder in 1965 (col. 3). (No allowance was made
for regional variation in mortality levels.)

3. Subtract the survivors (col. 3) from the gensus popula-
tion of Sivas in 1965 (col. 4) to derive the estimated net
migration by age cohorts, 1955-65 (col. $).

4. Derive the corresponding rates of net migration, 1955-
65 (col. 6), by dividing the estimates of net migration (col. $)
by the expected population (col. 3). (These rates have #n
unusual age pattern in comparison with the age patterns of
net migration rates observed clsewhere but have veen
accepted for the present use without modification.)

B. Projection of the 1965 population to 1975:

5. Calculate 10-year life-table survival rates from model
table South No. 20 (col. 7), chosen on the basis of an analysis
of national cersus survival rates for Turkey and reflecting
some future improvement.* (Note, again, that no allowance
was made for regional variations in mortality levels.)

6. ““Survive™ the 1965 census population (col. 4) to 1975
(col. 8) by use of the life-table survival rates (col. 7).

7. Calculate net migration for the 1965-75 period (col. 9)
by multiplying the migration rates (col.’6) by the survivors
in 1975 (col. 8). This procedure assumes that net migration
rates will remain unchanged.

8. Add net migrants (col. 9) 10 the expected population (col
8) to derive population projections for 1975 (col. 10).

Inasmuch as the birth statistics of Turkey are inadequate, we
have developed our projection of the population under 10
years of age in 1975 on a different basis. We have simply as-
sumed that the ratio of children under 10 to women' 15 to 54
years old in 1975 is the same as that observed in 1965. This
procedure encompasses the effect of fertility, mortality, and
net migration in determining the size of these juvenile age
cohorts.

Other assumptions of net migration should be employed to
prepare additional series of population projections. We have
assumed above that net migration rates were the same as ob-
served in 1955-65. Possibie additional assumptions are: (1)
Net migration rates, 1955-65, reduced 25 percent; (2) net
migration rates, 1955-65, increased by 25 peicent: etc.

We could have employed national census survival rates in
projecting, the population of Sivas Province instead of life
table survival rates. As we developed the projections above,
net census efTor in one age group is carried down to the next
age group ove: : prgjection period. Use of national census
survial rates wduld help to keep the net census errors of the
Sivas data in their original (1965) ages ana, hence, increase the
accuracv of the projected changes by age. This procedure im-
poses the patteri of change in net census errors by age cohorts
between 1955 and 1965 for Turkey on the census data fer
Sivas Province. Implicitly, mortality in Turkey as a whole at
the level of 1955-65 is assumed for 1965-75, without change.

“ Ansley J. Conle and Paul Demeny. op «ir Sce also Paul Demeny and
Frederic C Shorter, Estmanng Turkish Mortality, Fertility. and Age Structure,
Publication No 218, Faculty of Fconomics. Unmiverauty of Istanbul, Istanbul,

+1968. pp 8-28.
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Table 24-19.—Projection of the Female Population of Sivas Frovince, Turkey, by Age, by the
Migration-Survival Method (10-Year Intercensal Period), from 1965 to 197¢

10-year Projecred

'(‘y.:li:; Population | cenaus | Expecced | Populauon | Netmi | 10year | yo g o0y ::.'"::,. Peojected

of Sivas survival | guevivoes, | of Sivas grarion, aet mie {ifes survivors, 1963 w' populas

Province, tatea, Province, 1953 to gration table 1978 197 uon, 1973

K censuy of | Tuckey, Lensua of 1965 rate survival
1933 1995 to 1965% rate? (8‘. x
w1933 w 1963 wn 1975 1963 (a(2)= w3= | (9.0 = (6).’10' (8)+9)=
1) 2) (4) (3) (6) M 8) 9 - (10)
Total....... 300,383 (x) (X)| 354,809 (x) (x) (x) (x) (X)] 432,132
. (x) (x) (4) (x) X (x) (x) (01 . (x)] %143,:8
10-14 (x) (x) (x) 59,569 (x) (x)| .9798] 58,366 -11,837| 46,82
15-19,, (x) (x) (x) 55,957 (x) (X)} .9926| 55,53 -11,231] 44,312
20-24.,4.... . 54,095 9643 52,164 41,5851 -10,579| -.20¢8 .9910 41,211 4,632 36,579
41,990 8744 36,716 29,291 ~7,424| -,2022 -
EaIXRTRIPR 27,%6] 1.0403] 28,677| 23,455 -3.222| -.1124ff <%867| 34019 834] 33,163
35-44 53,973} 1.0451 56,407 55,516 -891| ~,0158 9809 54,456 -9,748 4,708
45-54, 47,127 9205 43,380 35,614 «7,766) -.,1790 9678 34,467 -4,894 29,573
55-64 28,831 8905! 25,674 22,0281  -3,646( -.1420| 9331} 20,354) -2,695] 17,859
. | 63°Theiiiiin | 23,0401 91631 21,1161 18,347} -2,769 -.1311| 8285 15,200 4 3 sas| 43¢ 062
. | 65 and over... | 75 and over... 23,761} %952 14,143 11,446 -2,697| -.1907{ .4060 4,647 ’ ’

X Not apricable,
* Ages not reportcd have been prorated

* Computed from model hfe table for region South, level 20. given in. Ansley § Coale and Paur Demeny, Regional Model Life Tables and Stable Populations.

Princeton. N 1. Princeton Universsty Press. 1966.p 675
3 Calculated by use of the formula

.
P19es irenous)
N =222y Pien irseciedy
Pises tcensun) 13-3¢
13 M4

¢ Ages 65 and over

Note that, ideally. we would adjust the 1965 census population
of Sivas for net census errors by age and then carry the ad-
justed population forward by projected life table survival

- rates and net migration rates; a basis for adjusting the popula-
tion is lacking, however.

Projections of population are often wanted at 5-year time
intervals. A procedure for deriving projections of Sivas’
population to 1970 is presented in table 24-20 It employs
10-year net migration rates estimated from the 1955 and 1965
censuses but requires a conversion of these 10-year rates to
3-year rates. (For purposes of this illustration also. we omit
use of the 1960 census.) We assume that the 5-year net migra-
tion rates as estimated on the Basis of 1955-65 population
changes will continue unchanged for 1965-70. Having derived
estimates of expe.ted survivors in 1965, and of net migration
for 1955-65 for S-year age groups from 10 to 24 and 10-year
age groups above age 2S5 (table 24-19. cols. 3 and 5), we can
proceed as foliows (table 24~-20):

I. Subdivide the expected survivors in 1965 and the net
migration estimates, 1955 to 1965, into S-year age groups
above age 25 (cols. I and 2). Inthe present illustration Sprague’s
osculatory multipliers (ch. 22) were employed for all categories
except net migration 25 to 34 years. For the latter category.
negative results were obtained by osculatory interpolation and
Newton’s interpolation formula for halving a group (ch. 8) was
employed in its place. )

2. Combine the population in adjacent ages (col 3) and
the estimates of net migration in zdjacent ages (col. 4). The
purpose of this step is to take advantage of the fact that the
net migration of each S-year age group is reflected in two of
the cohorts employed in the calculations. For example. net
migration for terminal ages 30-34 is represented by the two
shaded areas in the following sketch: :

ERIC ~

Aruitoxt provided by Eic:

Ap A
04 N
nn %2
o \ FT L)
35-3¢ nn

1985 1980 1986

3. Divide the net migration in column (47by the population
in ¢olumn (3) to derive a hypothetical 10-year migration rate
for 5-year age groups (col. ).

4. Divide the results in column (5) by 2 to derive S-year
migration rates for 5-year age groups (coi. 6).

5. Compute the expected female population of Sivas in
1970 (col. 9) by applying life-table survival rates (col. 8) to the
census population in 1965 (col. 7).

6. Calculate the projected net migration for 1965~70 (col.
10) by applying the rates in column (6) to the expected sur-
vivors in column {9). In ¢very case the figures are matched in
terms of terminal ages.

7. Combine the projected net migration in column (10)
with the expected survivors in column (9) to derive the pro-
Jjected population for 1970.
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Table 24-20.—Projection of the Female Population of Sivas Province, Turkey, by Age, by the
Migration-Survival Method (10-Year Intercensal Period), from 1965 to 1970

ERIC

Aruitoxt provided by Eic:

Projecied
Age (a) . net mi-
Expected \0-year S'year | Population | Syear Ezpected
(years) survivors, Net mi- gt Nat net mi- nel mi- of Sivas ;yle- sur gration. Pm';",ud
siation, a (2)a auon 18ti0n f 1965 10 | PoPuiation,
Sivas 1955 to W, . (Da+s= [ 4 [ Province, table vivors, 1970
Provinge, 19633 543 Dars= tate rate census of | survival 1970 1970
19683 19632 tate? l‘)). x
H
ta 1963 o 1970 W o= | 2 Cu@) | Olgas= | 9*00)=
() ) (3 “) () (6) N (8) 9 a0’ (an
(x) (x) (x) (x) (x) 354,809 (x) (x) (x) 386,525
(x) (X} (X} (x) (x} (X} (x) (x) (X} 45,957
(x) (x) (x} (X} (X) 59,%69| .98339| 58, 380) -5,940 52,640
(x) {x) (X} (x}} -.1014 35,957]  .99630| 55,750 5,647 50, 103
-10,579| 88,880, +18,003] -.2026] -.1013 41,585  .99625| 41,429 -3, 38,057
=7,4624 65,393] -10,646 -.1628 -.0814 29,291 99469 29,135 =961 28,174
=222 58,241 3,848  -.0661 -.03%0 25,4551 .99327] 25,28 =200 25,084
-626 56,407 -891 -.0158] «,0079) 28,517 99211 28,292 -1,067] 27,225
$-265| 50,655 -3,819] -.0m%| .07 26,999]  .99069] 26,748 -2, 394! 24,354
«3,55) 43,380] -7,766] -.1790] -.0895 20,238 .98821] 20,019 -1,954) 18,065
=4,212)  34,214]  -6,681] «.1953] -,0976 15,35}  .98443] 15,117 «1,073 14,044
-2,469  25,674] -3,646| ~.1420] -.0710 12,177] .97m¢ 11,909 -551 11,358
1,177 20,638 «1,912] -.0020  -.0463 9,851] 96781 9,534} ~625| 8,909
735 21,1l -2,769  -.0llf  -.0636 8,874]  .94993 8,430 -768 7,662
-2,034] 718,578 7-3,383] -.1821] -.0911 9,473 91659\ & s s
65 and over....| 70 and over....| 14,1431 2,697 14143 2,697 -.1907] 0-logss| 110446 .6’7984} 16,464 7,574 14,89
X Not applicable.

' Age groups 25-29 to 60-64 were interpolated from 10-year age groups,(cols 3 and S of table 24-19) using Sprasue's asculatory multipliers.
* Ages not reported were prorated Age groups 25-29 to 60-64 were interpolated from 10-year age groups {co. # of table 24—19) using Sprague’s osculatory

3 Model Iife tabie for region South. hovel 20, in, Ansley } Coale and Paul Demeny, Regional Model Lyfe Tables and Siabie Populations, Pnnceton. N.J , Princeton

University Press, 1966. p 675
4 Calculated by use of the formuia

Py o

P:E‘A‘”‘”"x Pagl‘h o

* Net mgration rate for ages 0-4 imtia)) to 5-9 {terminal) assumed to equal or=-half the net migration rate (— 2028) for ages 0-4 Gmtial) to 10-14 (terminal).

Sece table 24-19. col 6.

¢ Computed by applying Newton's interpolation formula for halving a group
! Value for ages 60-64 plus one-half value for ages 65 and over v col | or col. 2

s Ages 65 and over
* Same as.value for ages 65 and over in col. 1%r col 2

* Net_migration rate for ages 60 and over (imitial) to 65 and over (terminal) assumed to equal one-half the net migration rate (—.1907) for ages $S and over

(imttind) 10 65 and over (terminal)

It will be noted in table 24-20 that the conversion of the
data to 5-year time intervals was carried out after the estimates
of 10-year net migration were derived since the latter should be
calculated from unadjusted census data (assuming the use of

national census survival rates). The derivation of S-year’

amouni: and rates of net migration for 5-year age groups, from
10-year umounts and rates for 5-year and 10-year, age groups,
may be accomplished in different ways. For example, we could
interpolate our 10-year data tb 5-year data at a different point
in the calculations, as by converting the 10-year net migration

- rates directly to 5-year rates. This approach might improve on

the procedure described earlier, which does not, in effect,
handle the calculation of the denominator of the 5-year rates
very satisfactorily. One could simply compute population
projections for 10-year age groups 10 years ahead and derive
other required figures by interpolation.

The results obtained for 1970 by the census cohort-change
rate method and the cohort migration-survival method given in
tables 24— 18 and 2420 differ substantially in many ages, as do
the results for 1975 given in tables 24-17, 24-18, and 24-19.
Differences in population projections for the same date reflect
mainly differences in the underlying assumptions on net
migration.

Tarver has presented a detailed illustration of the application
of the cohort-component procedure to U.S. geographic

subdivisions.®® In his illustration 10-year intercensal amounts
and rates of net migration, 1940-50, are derived by use of
national census survival rates, adjusted for local mortality
variations, and converted into 5-year amounts and rates of net
migration for projecting the population from 1950 to 1955 and
1960. The procedure used for this conversion is largely the
same as we applied to Sivas Province, Turkey. Estimates of
net migration for children under 5 and 5 to 9 years of age are
derived on the basis of statistics of births during the 1940-50
decade. The calculation of two alternative assumptions of net
migration is also illustrated. The total amount of net migration
derived initially for the 1940-50 period was reduced by 50
percent and 100 percent under the two assumptions. The
correspoading figures by age under these assumptions were
derived by applying a plus-minus proportionate adjustment
procedure (described in ch. 22) to the amounts of r et migration
by age calculated initially. These 10-year amounts were con-

®James D Tarver. A Component Method of Estimating and Projecting Siate
and Subdivisioncel Populati Misc: 1t Publication MP-54, Okﬂhon\l
State University, Agnculture Expenimen. Station, 1959. See also James D.
Tarver and Jeanse Hill. [|BM 650 Program Instructiond for Making Siate,
Counly, ana City Populatipn Projections by the Component Method, Series
P-353. Oklahoma State University. Agricultural Experiment Station. June 1960,
The computer programs given relate to estimates and projections of birth rate.,
survival rates. net migration rates, births. and population for 5-year age groups
for S-year time penods !
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verted to S- year rates in the same manner as for the 100 percent
assumption on net migration.

Even if a country has good current data on internal migration,
it is desirable for the responsible agency to prepare a special
series of projections assuming no further net migration among
the geographic subdivisions In this way user agencies can
make their own assumptions to serve special needs. Calculation
of a series assuming no net migration a.nong the geographic
subdivisions of a country in future years pérmits an evaluation
of the contribution of net migration to projected population
change as reflected in the various series with net migration. In
sum, a no-migration senes may have considerable value to
planners even though it may be quite unrealistic in jtself %

Projection of births and deaths.—We have already men-.
tioned one or nore ways of projecting births and deaths in
preparing subnational population projections by the component
method. We may censider this problem more generaliy.

Birth rates by age and survival rates (or age-specific death
rates) may be projected independently, or by comparing the
rates for the local area and its parent area for one or more past
dates and applying the current or extrapolated ratio of these
rates to previously available projections of the rates for the
parent area. The parent area will usually be the country as a
whole. In addition to histoncal analysis, an analysis of regional
differences for other ountries at vanous stages of economic
development should prove useful in this regard.

Calculation of the number of births for each $-year projec-
tion period by use of age-specific birth rates involves a special
step. We have to interpolate the female population of child-
bearing age, by age. to the middle of each projection period.
apply the projected age-specific birth rates cumulatively to
this population to derive the average number of births in the
period, and multiply this number by five to obtain the estimate

“for the S-year penod. Alternatively, births may be calculated

for the first and last year of each 5-year projection period,
added together. and then inflated by a factor of 2.5. The pro-
Jjected number of births and deaths over all subdivisions of an
(parent) area should. as a final step. be adjusted to the projected
total of births and deaths for the area.

Because birth and death statistics by age are not always
available for small geographic areas and the volume of compu-
tations in the procedure just described is quite large, it is
desirable or necessary to try to abbreviate the procedure.
Fertility may be projected by an indirect method, such as one
employing a single schedule of age-specific birth rates and
projected total fertility rates. or sex-age adjusted birth rates.
Montality may also be projected by an indirect method, in-
volving a single set of age-specific death rates but with some
“control” figures at the local level. When mortality vanes only
moderately among the local areas, the same mortality rates may
be assigned to several areas or even to all areas in a country.
Thne projections for geographic subdivisions can be made in
terms of the ratio of crude birth rates and crude death rates for

®See. for example Sweden. Statistika Centralbyrdn, Befolkmngsprojektion
Jor kommunblocken ull 1970, 1975, 19806 och 1985 (Population projections for
Cooperating communes to 1970, 1975, 1980, and 1985), Stockholm, | 969, rdem,
Sveriges beraknade framuda folkmangd. Part 2. Underlag for lokala prognoser
1968. 1970 och 1975 (Estmated future population of Sweden, Pt 2, Basis for
local “;ojediont 1965. 1970, and 1975). Staustiska Maddelanden B 1963 (4),
Stockholm. p S. France. Institut de la statistique et des études économiques.
“Perspectives d'évolution naturelle de la population par department” (Projec-
tions of natural increase of poruluhon by department), gy des Statistiques.
Supplement Trimesiriel du Bullenn Mensuel de Sratstique  (Pans), No 4,
Oct.-Dec. 1957, pp 63-64, and ] R L Schneider, “Local population projec-
tions in England and Wales." Population Studies {London), 10(]) 98, July 1956
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the local areas to the corresponding figures for the country
as a whole, provided there have Been no radical changes in the
age composition of local areas and carefully prepared national
projections of births and deaths are available.% )
Because of the possibility of Swpstantial differences between
the fertility of regions. consideratidn must be giver to the ques-
tion whether migrants will be as'tdigned the fertility rates of
their area of origin or the fertility fates of their area of destina-
tion during the penod of their arrival and subsequently.
Separate projection of in- and out-migration. ~ More mean-

"ingful and possibly more realistic projections of internal migra-

tion may be derived by projecting in- and out-migration
separately when the appropriate data are zvailable. rather
than net migration. This is because the variation in the relation
of in-migration to out-migration. i.c.. net migration, may be
expected to be much greater than the variation in the corre
sponding gross in- or out-migration. Furthermore. tota
migration between geographic units in a country is in a sense
dependent upon total out-migration from these units and pro-
Jjections for these totals can be made equal to one another very
simpiy when in- and out-migration are projected separately. On
the other hand. use ~* net migration rates often results in
serious imbalances beiween total net in-migration and net out-
migration. One general approach for projecting in- and out-
migration separately employs age-specific out-migration rates
to derive figures for out-migrants for each area and the distribu-
tion of the resulting total number of out-migrants among the
several areas to derive estimates of in-migrants. This general
approach was used in preparing projections of the population
of States of the United States published in 1967, metropolitan
areas of the United States in 1969. and communes of Sweden
n 19695

A description of the methodology used in preparing the
projections for the States of the United States. by age and s¢x,
from 1965 to 1985, will serve to iliustrate a cohort-component
method in which gross in- and out-migration. and net immigra-
tion from abroad. are projected separately. The projections
start, in effect. with estimates of State population by age and
sex, for July 1, 1965. The estimates are then carried forward by
5-year time periods to each projection date on the basis of
scparale assumptions concerning future fertlity. monalit).g
in-migration, out-migration. and net immgration.

A single set of projected survivat rates was used for all
States but alternative assumptions were employed for fertility
and interstate migration. Two assumptions regarding future
interstate migration were combined ‘with two leve)s of fertility
to derive four series of population projections. Two of the four
senes of available national fertility projections were adapted for
this purpose.®® State-i0-national ratios of the general fertility
rate were projected on the assumption that these ratios would

*7 Hlustrations of the varous procedures noted here are givenan U € Bureau
of the Census. Current Population Reports, Series P-29. No 175. “Revised
Projections of the Population of States. 1970 to 1985." October 3, 1967,
Schneider,op cit.pp 105-111 France. Institut national de la statistique et des
études économiques, “Perspectives d'évolution naturelle de Ja population par
department.” pp 63-64. Bureau of the Census Crrrent Population Reports,
Series P-25. No 160, "lilustrative Projections of the Population, by States.
1960, 1965. and 1970, August 9. 1957, and Sweden, Statistiska Centralbyrdn,
Svenges Beraknade Framtidu Folkmangd, Py 2

* U S Bureau of the Census, Current-Population R ~ports, Senes P-25. No
373, “Revised Projections of the Population of States, 1970 to 1985." Oct 3,
1967, 1dem. Current Populanon Reports, Senes P-25. No 415, "Projections of
the Population of Metropolitan Areas 1975, Jan 31. 1969. and Sweden,
Statistika Centralbyrdn, Befolkmngsprojektion for kommunblocken-ull 1970,
1975, 1980 och 1985

*Senes B and D in US Bureau of the € ensus, C urrent Population Reports.
Senes P-25, No 381
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reach unity in 50 years; i.c., in approximately 50 years, the
fertility rates for all States would be equal to the national rate:
Ratios for intermediate years were obtained by linear interpola-
tion. These ratios were then applied to the previously computed
national fertility rates to derive the fertility rates for Siates,
which in turn were applied to projections of female population
15 to 44 years old for each State to derive the projected numbers
of births. The projections of female population of-¢hildbearing
age had been derived in a previous calculation by carrying
forward the 1965 population using age-sex-specific survival
Tates and gross interstate migration rates. Births projected
for each S-year period for each State were then adjusted so
that their sum over all States agreed with the total births i1n
the'previous!y calculated national projections.

The single set of survival rates employed were consistent
with the “high** mortality senes developed for and used in the
national projections. The survival rates were applied to the
initial population of each period to arrive at projections of
survivors. The implied deaths for States were then adjusted
to agree with the total number of deaths in the United States
for age groups (by sex) developed in the national projections.
No allowance was made f~~ actual State differences in mortality
since it was believed that tney would have very little impact on
the population projec 1ns.

For the ‘projections of net migration, out-migration was
first computed for each future period using rates observed in
the census of 1960 for the 1955-60 base period, as adjusted to
allow for observed net migration for the peliod 1960-6S. The
rates for 1955-60 represented the number of out-migrants
from each State as a percent of the population of the State in
1955. (Accordingly, the projected rates were applied to the
initial population of each S-year projection period.) The pro-
Jections of out-migrants for all States in each S-year period
were summed to obtain a national *“pool” of migrants, which
was then allocated to the States as in-migration, using the
percentage distribution of the absolute number of in-migrants
among the States observed during the 1955-60 base penod.
Under Series 1, the rates of out-migration from States and the
State in-migration distribution were held constant over time.
Under Series 11, the rates of out-migration from States were
assumed to converge toward the national average rate, and the
State in-migration distribution was assumed to converge
toward the population distribution of the States. Under these
assumptions, in about 50 years, the number of persons migrat-
ing from a State would be matched by an equal number moving
into the State, resulting in zero net migration for each State.

Other approaches involving the separate projection of in-
ahd out-migration for projecting regional population are based
on the development of a model of interregional migration or a
national demographic model incorporating regional changes.
The possibility of developing a model of internal migration for
use in projecting population has been reviewed by H. Ter
Heide.™ He concluded that, aithough there has been sub-
stantial progress in the development of a model which describes
past migration, the problems of employing this model for pur-
poses of population projections are almost insurmountable, if
only because of the general lack of projections of the several
independent variables on which the model depends. Ter Heide
was concerned with models which incorporate economic,
social, and psychological factor; On the other hand, Rogers
has proceeded to develop “descriptive” models of interregional

®H Ter Heide. "Migration Models and Their Sigmificance for Population
Forecasts.” Milbank Memonal Fund Quarteriv. 41(1) 56-76. Jan 1963
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mugration for use in projecting population; his modéls are less
analytic and he has dealt so far only with the situation where
the interregional migration rates are assumed to remain
constant.”

Methods Taking Account of Economic Variables.— It is
generally believed that internal movements are significantly
affected by differential economic opportunities and that any
drastic changes in the economic advantages of one area over
another will have substanti§l impact on the future siz: of migra-
tion streams and even on the direction of net movement. Some
research is being directed toward these relationships.”? A
number of methods have been developed which employ
economic variables directly in the context of aratio, component,
or correlation method, or a combination of these methods.
These methods take account of economic prospects quantita-
tively by basing the projections of population on projections of
employment, per capita income, production, land use, or other
economic variables. We consider the methods in two groups,
those methods involving correlation with econemic indicators
and other methods using economic analysis.

Correlation with economic indicators.— Regression analysis
inay be employed to project the total population directly or to
project the net migration component only (natural increase
being projected separately in the latter procedure). An example
of the use of this method is given by the projections of the
ropulation of States of the United States made at the Stanford
Research Institute.™ Projections of net migration for States
were derived from a regression equation relating net migration
and average per capita income. The fitted equation was as
follows: )

Y.=38.94255 + .402863 X

in which Y. stands for the net migration rate, 1950-60 (i.c.,
net migration for the decade as a percent of the 1950 popula-
tion) and X stands for the percent change in per capita personal
income for the decade expressed as a percent of the corre-
sponding U.S. figure. Per capita income had been previously
projected to 1970, and 1980 on the basis of the converging
trend in per capita income observed in the 1950-60 decade.
This procedure assumes that net migration for States is more
closely correlated with per capita income than is total popula-
tion change, that labo tends to move toward areas of higher
per capita income, and that the systematic influence of income
on migration flows will continue in the future.

The basic regression shows that a unit change in the per
capita income of a State (in percentage form) causes a change
of 0 4 in the percentage of net migration of that particular State.
This factor was applied to the change in per capita income from
1960 to 1970 to derive “unadjusted” estimates of net migration
in the 1960-70 decade. The estimates were then adjusted on
the hasis of the fact that the sum of the unadjusted figures over
all States was far in excess of the expected total interstate
migration for the United States computed separately. The
adjustment procedure assumes different adjustment coefficients

" Andrei Rogers. "A Markovian Policy Mode! of interregional Migration,”
Regional Science Association Papers. 17 20%-22¢. 1966. and idem. “The
Multiregional Matnix Growth Operator and the Siunle Interregiona! Age Struc-
ture.” Demography. 1(2) $37-544. 1966

*tra$ Lowry. Migration and Metropotitan Growth Two Analviical Models,
San Francisco. Cahf . Chandler Publishing Company. {966

" Pietro Balestra and W Koteswara Rao. Basic Economic Projections
United Siates Population, 1965-80, Stanford Research Institute, Menlo Park.
Cahf . 1964.esp pp 17-44
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for different groups of simglar Sitates. An illustration of these

steps is given for two States:
s

) Arkansas  Ohio

(1) Migration rate, 1950-60 (percent)...... —-225 +57
(2) Percent change in per capita income,

1960-70 (independently projected).. +72 —24

(3) Effect of incom= change=(2)x0.4..... +288 —.96
(4) Unadjusted miggation rate, 1960-70
(percent) =(1)+(3)ccueeerennnnnnnnn... -19.6 +4.7

(5) 1960 population (in thousands)......... 1,786.3 9,706.4
(6) Unadjusted net migration, 1560-70

(in thousands)=(4)X(5)................. —350 +456
(7) Adjusted migration rate, 1960-70 (per-

cent) e -196 +29
(8) Adjusted net migration, 19€¢0-70 (in

thousands)=(5)X(M..... .....c. o....... —-350 +281

* See source for explanation of adjustment in net migration
rates.

Other methods using economic analysis.— Other methods of
projecting the population of geographic subdivisions usirg
economic analysis may involve an intensive study of the eco-
nomic prospects for each area. One approach involves se; “rat.
consideration of several main branches of the economy, pro-
ceeding from national to local employment in these branches,
then to total employment in the area, and finally to total popula-
tion. The local projections of employment in various bianches
of the economy may be made as a proportion of the corre-
sponding national projections.

Anoth: r class of methods employs a limited type of compo-
nent procedure which depends on prior projections of employ-
ment or labor force. In the simpler application, the projections
of employme 1t or labor force, and then net migration, are made
directly for the ;cpiilation of all ages; in the m-re elaborate
application, the projccions of employment or Ia' _r force, and
then net migration, are made by age groups. The method se-
quentially calculates employment or laor force, net migration
of the labor force, netumigration of the total population, and
finally, the tc*al population, ¢ mbining the net migration wiih
the expected populafior all- ving for births and deaths. A

" specific example is provided by the population projections
made by the Oregon Statc g .. mment for the State as a whole
and its state economic areas by e and sex, 1964.7

Although the method inctudes a number of djustments to
take care of special situaticns, the authors’ “best judgement
forecast” of net migrat.on was derived basically as follows:

I. The current population was projected by age and sex
as a closed population, th. is, assuming zero net migration.

2. Projected age-sex-specific labor forcs participation
rates were applied to “ese interim population “projections
to obtain the future labo. Jorce on the assczption of ne further
net migration.

3. An independent forecast o? future employment by age
was developed on the basis of a det~ed analysis by industry
classes.

4. To the forecast in step (3) an allowance for unemploy-
ment was added, to ob’ain an independent forecast of the
future labor force.

*QOregon State Board of Census. Population Bulletin, Release No P-10.
“Population Forecast, State of Oregon and Economic Areas 1960-85, by
Richard B. Halley and Morton Paglin. Portland, Oreg.. April 1964.

’

5. The difference between the forecasts in step (4) and the
projections in step (2) was taken to represent net in-migration
or et out-migration of workers, depending on which was
larger.

6. The net migration of the houscho'd population not in
the labor force (including children and retired persons) was
esumated by ratio inflations of the results in stp 5), and
special allowances were made for the net migration of such
groups as the armed forces, college students, and inmates of
institutions.

The adeqiracy of the method depends heavily on the ade-
quacy of the projection of the total labor force, which is
derived wholly by cconomic analysis. The method takes ac-
count of the mortality and fertility of persons who have
migrated into or out the area only indirectly. -

The more intensive procedurcs are difficult to apply since
they require considerable data and involve the problem of
demographic and economic interdependence. Carsful study of
the economy of an area, involving measurement of the future
requirements for workers and of the degree to which these
future requirements can be filled by the available population,
on the one hand, and by net in-migration, on the other, is
needed. T'as analysis would require some prior assumption as
to the aniount of net in-migration and prior projections of the
size of the expected population. Initial assumptions would then
have to be modified on the basis of what the initial projections
imply as to labor deficits or surpluses. Even if the simplest
method involving economic analysis is employed, the calcula-
tions become voluminous when age and sex detail is included
and projections have to be prepared for a large number of
areas. Under these circumstances, it becomes desirable or
even necessary to cary out the weiil by electronic computer.

EVALUATION OF PRO;:. NS

Design of Evaluation Studies

As in the zase of estimates, the evaluation of projections
requires some standard by which to judge their quality. The
possibilities of evaluating a set of projections are limited be-
cause current estimates or censur counts for many years
subsequ * to the base date aie needed. In the practical situa-
tion, this would permit evaluation of projections only after a
long pericd of time has elapsed; by this date the methodology in
current use may have changed and, hence, would not be en-
compassed by the evaluation. However, there is a broader
issue. The concept of “accuracy” becomes icss meaningful
where several series of projections are otfered as reasonable
possibilitics and. particularly, where none is designated as a
“forecast.” In this case would we judge the accuracy of the
“medium” series, the one described as “most likely)” each
series individually, or some of them, recognizing that the‘
proicctions were not offered as predictions?

When a particular projection has been designed as a forecast
or prediction, it seems perfectly appropriate to measure s
accuracy by a subseguent comparisen with a census count or
current estimate. We also belicve that those projections which
fit our definition of rincipal series (i ., which claim . in-
corporate realistic assumptions and which are offered as
reasonable possibilities of future population size) are also
proger candidates for evaluation, especially the medium series
in a set. One may reasonably compare each projection in a set
of such projections with the population actuatly recorded to
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indicate how it deviates from the current figure. Such compari-
sons, expressed in terms of percer.t differences, have in fact,
cften been made.”™ They are also of value in selecting a series
of projections “r later use.

To achiéve a limited evaluation of a set of projections. one
may compare them with a revised set of projections made in
subsequent years. Such a comparison suggests the probable
direction of errors of the longer-term projections, as well as the
actual error of the short-term figures which are compared with
current estimates or revised short-term projections.

Attention may profitably be focused on the accuracy of the
projection of net change and its components (births, deaths, and
net migration) rather than on the poovlaton projection itself
since these are the elements actually projected and since the
analyst knew the initial population to begin with. The per-
centage error of the projected change will be very much largsr
than the percentaze error in th¢ projected papulation. Com-
parison of the actual components of chzige with the projected
figures is particularly valuable s:ace it provides insight into the
reasonableness of the varicus assumptions and shows how the
overall population projections may have benefited from com-
pensating errors. A supplementary approach is to consider the
errors in projections by age, 1demifying separately, if possible,
the age group born since the base date of the projections. This
comparison will not only indicate differences in the relative
accuracy of projections of agc groups. but will also indirectly
provide some insight into the relative contribution of births
and the other components to the total enior.

Keyfitz has suggested further that, since the analyst ordi-
narily knows the current growth rate or other measures of
curren change, such as age-specific birth rates and death
rates, relative success shouid be measured by the degree to
which the a.aalyst anticipates the deviation from the change
resulting from the current rates of growth.”® By that cnterion
the percentage errors will tend to be even larger for a given
series of projections.

If the analyst’s success 1n making projections for different
dates and areas is being judged comparatively. an important
standaraizing factor is the length of the projection period. One
would expect errors to be greater when the projection period
is longer. The size of the area and its rate of growth would also
be factors characterizing the area which might systematically
affect the accuracy of the projections.

A possible further basis for evaluating projections 1s in terms
of the range from the highest to the lowest series in a set of
principal projections. The width of the range from the highest to
the lowest projections depends on the cgularity of past demo-
graphic trends, knowledge regarding past trends, ability to
measure them accurately. and finally, the analyst's judgment
of the likely course dof future change. The rangeis. in a sense, a
reflection of the analyst’s confidence in the medium series of
projections. As the range widens, he is indicating that he
has less and less confidence that the medium figures will
correspond to the actual figures. This suggests that, if the office
producing the projections has successfully designed the range
for several sets of projections made at different dates so as to
reflect an equal. although unspecified, degree of confidence, the

™ For illustrations see references given in tootnotes 79 and 83

" Nathan Keyfitz, “'La proyecaidn vy la prediccion en demografia Un revision
del estado de este arte”’ (Projection and prediction 1n demography A review of
the state of the an), Conferencia Regional Latinoamencana de Poblacion,
1970. proceedings of a confei “ce sponsored by the International Umon for the
Scientific Study of Populatic = ~J the Colegio de México. Mexico City. Aug
17~22, 1970 (1n press) N
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relative variation in the rang€s suggestive of the differences in
the relative accuracy of various sets of projections Certainly,
from the user's point of view, given an assumption of equal
probability from one set of projections to another that the
“true' figure wil' fall in the range stated, the narrower the
range the more useful the figures. The range may be measured
as the difference between the highest and the lowest projections
for a given date as a percent of the mean of the highest and
lowest populations.

The real difficulty here is the assumption that one range
covers the same confidence interval as another range. A faw
demographers have considered the problem of developing
probabilistic measures of the accuracy of projections analogous
to the sampling error of estimates derived from sample surveys.
The issue has been examined most extensively by Muhsam and
Sykes.”” Muhsam believes that demographers should provide
probability statements for each of their projections and that
those who use forecasts should determine a quantitative loss
function which would indicate the loss incurred when the fore-
casts used err by stated amounts.”™ Sykes has developed a
model in which the variances of predictions are determined on
the basis of the observed variability of vital rates. Th: model
yields relatively high , ediction vaniances for population
projections, as confirmed by a numerical example with U.S.
data. ’

National Projections

Several systematic studies of the accuracy of national
projections have been made but these do not usually distinguish
the method of projection, the components of error, or the length
of the projection period.™ The, peiod-fertility vanation of the
component method, the method most widely used to project
national population where vital statistics are available, has
often been found to produce unsatisfactory results. Typically,
the greatest sourze of error has been in the projections of births.
Where several series have been projected, the range has
usually been quite wide and yet has ocgasionally failed to
encompass the actual population. The prospects for improving
the accuracy of national popt’n'on forecasts are not great
although they ‘may have considerable valye us anaiytic tools.*

A3

"H V Muhsam. “The Utilization of Alternative Popnlation Forecasts 1n
Planmng.” Bulleun of the Research Council of Israel, 5(2-3) 133-146, March®
June 1956, idem. "The Use of Cost Functions in Making Assumpt for
Population Forecasts.” 1a United Natons. World Population Con,'f‘:.rl:;}e.
1965 (Belgrade). Vol 11l pp 23-26, and Z M Sykes, “Some Stochastic
Versions of the Matnx Modei for Population Dynamics.” Journgl of the Amen-
can Stausnical Assocation. 64(323) 111-130, March, 1969

™ For example. the accuracy of projections for geographic subdivisions has
been examined by Altouney 1n the general framework of the sources of un-
cerffinties 1n planning water-resources projects See Edward G Altouney.
The Role of Uncertainties in the Economic Evaluation of Water-Resource
Projecis. Institute i Engincening-Economic Systems. Stanford Umversity,
Stanford, Calf . Report EEP-7, August 1963,

"Joseph S Dawvis. The Populativa Upsurge in the United States, War-Péhkce
Pamphlets No 12. Food Research lnstm*. Stgnford Umiversity. Detember
1949, Harold F Dorn. “Pufalls Population Forecasts and Projections,”
Journal of the Amerncan StausticalAssociation, 45(251) 311-334, September
1950, Henry S§ Shryock, Jr. "Accuracy of Population Projections for the
United States.” Estadisuca. 12(45) $87-598. December 1944, Robert J, Myers.
“Companron of Population Projections with Actual Data.” in United Nations,
World Population Conference, 1954 (Rome). pp 101-111, and Cézar A
Peldez. “The Degree of Success Achieved b the Population Projections for
Laun Amenca Made since 1950 Sources of Error Data and Studies Needed
1n Order to Improve the Baws for Calculating Projections,” in United Nations.
World Population Conference, 1965 (Belgrade), pp. 27-33 John V Grauman,
“*Success and Failure in Population Forecasts o the 1950°'s A General Ap-
praisal,” m United Nations. World Population Conference, 1965 (Belgrade).
pp l0-14

" john Hajnal. “The Prospects for Population Forecasts,”” Journal of the
Amer:con Statstical Association, 50(270) 309-322, June 1955

. . »
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The elaboration of the method has contributed at least to this
function of projections. .

The United Nations has systematically compared the projec-
tions for the regions and countries of the vvorld published in
1966 with those -published in 1958.% The differences for
regions reflect reestimation of the present size of the popula-
tion in each area and of current fertility and mortality levels,
and a change in the assumptions used in the projections. The
result of the new calculations for most of the world, in com-
parison with the earlier ones, is an initial acceleration of popu-
lation growth and a subsequent deceleration. Judging the earlier

projections on the basis of the current estimates for 1960 and
the revised projections, the earlier medium projections for
1960 and 2000 were too low in some areas and t o high in
others by considerable percentages. TFre indicated percent
“errors™ in the projections for major world regions for various
dates arc shown in table 24-21. For example, the earlier
inedium projection for Africa in the year 2000 was 33 percent
too low, and the medium projection for East Asia in 2000 was
44 percent too high, according to the revised projections. .
The projections of U.S. population made during the 1930's
and 1940's by the Scripps Foundation and the U.S. Bureau of

Table 24-21. - Comparison of United Nations Medium Projections for Major World Regions Pub-

lished in 1966 and Corresponding Projections

{ i’ercems represel;t the deviation of projections published in 1957 from the current

Published in 1957

estimates or revised projections as a percent

of the current estimates or revised projections]

Pop?ll:;on, 1)960 Percent Jifference
Councry mitlions
1957 1966 1960 1970 1980 ' 1990 2000
WOTLde.sssnoenonsoorocannsoosonncnrss 12,910 2,998 -2.9 -3,1 2.5 -0.9 +2.4
79 7% +0.3 +6,2 +15,7 +27.5 +44,.0
827 865 ~4 4 -8.5 -10.4 ~10.3 =7.2
424 425 -0,2 +0,7 +3,3 +5.6 +7.8
215 214 +0.5 +3.3 +6.8 +7.3 +74
a5 273 -13,9 . 97 -25.8 =30.2 -32,7
197 19 -1.0 -0,9 s -3,1 -7.5 -11,9
206 212 -2.8 -6.4 ~7.9 -8,4 7.2
16.3 15,7 +3.8 +3,7 -0.4 4.8 -8.2

! Rounded to nearest 10 million

Source: Adapted from United Nations, World Population Prospects as Assessed in 19€3, Senes A, Population Studies, No 41, 1966, tables 4 3 and 4.4

Table 24-22.—Comparison of Projections
Corresponding Current Estimates,

of the Components of Population Change With the
for the United States: 1966 to 1969

[Population in thousands]

Populacion Population change, 1966 to 1969
Projection series
July 1, 1969 July 1, 1966 Nef change D?th Deaths Immigracior
A
Population and population change:
Current estimates... 203,216 196,907 6,309 18,676 5,697 1,331
Series A... 205,311 2196,842 8,469 13,094 5,825 1,200
Series &... 204,466 196,842 7,624 12,229 5,804 1,200
Series C... 203,635 2196,842 6,7% 11,378 5,785 1,200
202,923 196,842 6,082 10,649 5,767 1,200
+2,095 -66 +2,161 +2,419 W27 -131
+1,250 66 41,315 +1,553 +107 =131
+419 ~66 +485 +703 +87 -131
-293 -66 -227 -26 +70 -131
+1,0 (z) +34.3 +22,7 +2.2 -9.8
+0.6 (2} +20.9 +14,5 41,9 -9.8
+0,2 (z) +7.7 +6.6 41 -9.8
-0.1 (z) -3,6 -0.2 .2 -9,8

Z Less than 0.08 percent.

' Revised estimate. .

! Provisional estimate used as base of projection )

% Minus sign indicates that the estimate exceeds the proiection
¢ Estimate 13 the base of the percent.

Source: U.S Bureau of the

Juty 1, 1967, to July 1. 1969.” March 19. 1970. table G

* United Natigns, Wor/&qularion Prospects as Assessed in 1963, pp 15-17

Aruitoxt provided by Eic:
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POPULATION PROJECTIONS k¥

the Census proved to be consistently too low, primarily be-
cause of understatement of future births. Although the range
of the projections made during the 1950's and 1960's still
encompassed the actual figures after several years, the projec-
tions were generally too low or too high, depending on whether
the actuhl trend of fertility was up or down at the time the
projections were being prepared.

A comparison of the U.S. projections for 769, based on
current estimates for 1966, with current estimates for 1969
illustrates the latter situation (table 24-22).# This comparison
shows that the population increase in the 3-year period was

- Table 24-23. ~Comparison of Project of the Population
Under S Years Old and § Yeéars Gid and Over With ibe Cor-
ll';l"gondln( Current Estimates, fof the United States: July 1,

{Population in thousands}

3
Projection series and 1 Current Difference
age (years) Projection estimate i
Amount Percent
Under 5 years:
Seriss A.. 20,367 .17,960 +2,407 +13.4
19,522 17,960 +1,562 +8.7
18,691 17,960 +731 +4,1
17,979 17,960 +19 +0,1
. 184,944 185,256 =312 -0,2
ek 41,335 41,345 -10 2)
35,118 35,054 +65 +0.2
2,629 24,680 <51 ~0.2
23,246 23,314 63 «0,3
41,325 41,393 -69 -0.2
65 years and over,,,. 19,291 19,470 =179 ~0.9
iy

Z Less than 0.05 percent
' Projections from U S bureau of tie Census. Current Pogulation Reports.,
Senes P-25, No. 381. “Prowections of the Pupulation of the Umited States. by
Age. Sex. and Colsr to 1990. With Extenstons of Population by Age and Sex
to 2015.” Dec. 18. 1967. '
* Conustert with U S. Bureau of the Census. Current Popuation Reports.
Series P-25. No 428, “Esumates of the Population of the United Statst b, Age.
. Race, and Sex. July 1. 1969." Aug 19. 1969
? Minus sign indicates that the estimare 1s greater than the prejection
¢ Estimate 1s base of percent
. o
S« e US Bureau of the Census. Current Population Reports. Senes P-25,
No. 441, “Estimates of the Pcpulation of the United Stat~s. by Age. Race. and
Sex. Juiy-1. 1967 to July 1, 1969.” Mar. 19. 1970, wable H

"U.S Bureau of the Census. Current Population Rerors, Sevies P-z%.
No 38{.table B

14

overstated in Series A, B, and C by 34, 21, and 8 percent,

respectively, and that the overstatement of births accounted

principally for the errors in these series of projections. The

overstatement of births was partly offset by an overstatement

of deaths and an understatement of net immigration. The

concentration of the error in the births is also reflected in the

ielatively large difference in the projections for children under
5in Series A, B, and C, as compared with those for the popula-

tion S.andwever (table 24-23).

Geographic Subdivisions

Projections for states, prcvinces, localities, etc.. are subject
to much greater average error than those for whole countries
(i.c., for a given length of projection period). The greater in-
accuracy results partly from the added uncertainties of internal
migration and partly from the fact that erross (or deviations in
general) tend to vary inversely with population size.

Siegel’s review in 1954 of the various U.S. tests of sub-
national projections concluded that no one method uniformly
gave the best results and that in many cases a simple mathe-
matical method was as accurate as a component method using
age-specific rates.® The more claborate methods, such as the

“hort-component methods, would still be preferred for their
..alytic value, however.

He concluded further that the “error’ rate tends to vary
directly 'with the rate of population growth and with the length
of the projection period. After 20 years no method any longer
provided accurate forecasts. The longer the projection period
the greater the likelihood of unforseen developments which can

" cause the actual population to fall outside the range projected.
Similarly, pcp*'ation trends are less regular for small popula-
tions than large ones. Accordingly. projections for subnational
areas should be carried out for fewer years than projections for
countries as a whole. These findings and the practical need for
consistency with current estimates suggest the need for fre-
quent revision of the projections for geographic areas.

* Jacob S. Sicgel. “Some Aspects of the Methodology of Population Forecasts
fur Leographic Subdivisions of Countries.” in United Nations, World Population
Co.(fercnce, 1934 (Rome) See also Helen R. White, “Empincal Study of !t
Azcuracy cf Selected Methods of Projecting State Populations™ Journal of ¢
American Statistical Association, 49(267):480-498, September 19%4; Jacob S.
Siegel. “*Forecasting the Population of Small Areas.” Land Economics, 29(1):72-
87. February 1953; and Robert C Schmitt and Albert H. Crosetti, * Aclurscy of
ta¢ Ratio Method for Forecasting City Population.” Land Economics, 27(4):346~
348. November 1951, .
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Editor's nots: This material is taken from
of the Census, llustrative Projections of World Populations to the 21st Century,
Washington: Government Printing Offi

U.S. Department of Commerce, Bureau
ce, 1979, pp. 13-15.

PROJECTION METHODS

;Base-Year Data
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of s populstions’s size and age distribution for & mecific
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‘insufficient for an scoeptable single estimaete of populstion
size and age distribution for 1978,

The base yeer for_projections for ssch of the mors de-
veloped regions and countries shown in this report is 1978.

in the case of these countries, oither census deta were aveil- -
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tion for remainders of regions.

Base years for the lex developed countries shown in this
réport very sccording to the yesr for whioh the most relisble
dets are avalisble. Only for three of the less developed

- countries, nemely Egyit, Nigeris, and Pakistan, is the base

. Y00r 1978, Bme years for the other nine less developed
© . Oountries for which projections are shown in this report ere:

Bengladesh, 1974; Brazil, 1970; Peopie’s Republic of China,
I\)ﬂﬂ; india, 1971; Indonesia, 1971; Mexico, 1970;

ERIC o :

Philippines, 1970; South Korss, 1970; and Thail , 1970.
Populstion estimates for these countries as of ?n were
subsequently mede based on pest trends in fertllity, mior-
tality, snd net internationsl migration.

Bese-yoor fortility and mortelity rates. As part of its con
tinuing program in: the collection and eveluation of inter-
nationsl demographic data, the Census Bursau had previously
prepered sstimates of base-yesr fertility levels for most of the
less developed countries in this report. Thess sstimates con-
sisted of & schedule of age-specific fertility rates end the
corresponding total fertility rate for each country, which
then served a8 the bass-yeer fertility levels. For aress not
wpecifically studied, U.N. fertility levels were used, sxcept for
Colombis, Turkey, and Iran, where new data indicated that
the_actusl 1978 fertility -levels were significantly differ
from the projected U.N. levels. '

Base-yeer fortility lovels for the more developed countries
were adapted from thoss used by the individual countries
in making national projections, with some adjustment to
bring them up to the base yesr of 1978. .
", Levels of base-yesr mortality were estimated from the
5ame sources ss base-year fertility.

[%

Asumptiom About the Future

In order to project the future size and age distribution of
popuistions using the components method, sssimptiors
must be made sbout the future course of each of the com-
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ponents of popuistion growth. Thus, one must specify
whether fertility levels will rise or fall, snd to what extent:
whether or not people will live longer on the averaye; and,
for projections of individusl countries and regions, what
will be the amount of net migration.

The illustrative population projections presented here

are based on *he general assumption that there will be no
major catastrophes, widespresd epidemics, or social, politicsl,
or sconomic uphaavals in the futurs. While no component
of demographic change can be predicted {exsctly, demo-
graphic history in numdouduhudwnumchmln
mortality and net international migration are'likely to have
less impact then chminfmimyonthoﬁuandcom
position of future populstion. As & result, the lorger the
Proportion of a projectsd population bom sfter the base
dete, the more uncertasinty there is in the projected
populstion, .
_ The populstion projections shown in this report are
“correct” in the sense thet they accurately illustrate the
popitistion growth that would result from a given bese year
popuistion estimate subjected to varying lavels of vital rates.
Of course, popuistion projections wifl be valid only to the
extent that they are derived both from reliable estimates
of base year populstions snd from accurate sssumptions
sbout the future course of those demographic factdrs which
" sffect population growth. Recent demographic history in
boﬂ\mmmdbndwulopodewntrmhnd\mthnmy
rapid chaviges in vital rates, especially fertility, can occur in
time periods even shorter than the projection period chosen
in this report.

Migration. In order to simplify the problem of making
populetion projections for individusl countries and regions,
the sssumption hes been made that thers will be no migration
from one eountrv to another between 1976 and the year
2000. This ummntion certsinly introduces an element of
error into any populstion projection. However, it seems
likely that net migration will be the least important factor
influencing population growth, as international migration
within large geographical aress has superseded earlier overseas
migration between Europs and the-Amaricas.!' Insuppoit of

this contention, the data below show that the oversl! effect

of net migration ‘on populstion growth in Europe for the
1950-70 period was negligible (s loss of only 4 percent),
d'though considerable varistion in the importance of net
migration on population growth can be found in the com-
ponent regions.

With respect to individual countries, the sssumption of ",
no further migration cen adversely affect the quality of the
population projection, uncmly where the rate of nsturaf
increase is very low. For oumph dthouw the level of net
migration into the Unived States has been between 300,000
snd 400,000 persons a year for the past several decades,
substantial declines in fenmty have incressed the net mi-.
gration component of populstion growth from 10 to 15

' See United Natine, "The World Population Situation in 1970,
No. 49 (New York: United Nations Dcpmrmm

weletion Swdiss, No
B KC 1 Economic snd Sociel Affsirs, ST/SOA/Series A/49, 1971).

Provided by ERIC.

. lation Debate:

Estimates of Net Migration in Europe: 1960 to 1970
Ratio of net
, migration to
Region ?:;03:2:325' natural
increase
(percent)
-~
Europe!............ -3,028 " g
Western Europe... +8,748 +51
Southern Europe.. -7.301 -29
Eastern Europe... -3, 11 -21
Northern Europe.. -698 -8

x'I‘h} regional assignment of countries differs
from that-shown elsewhere in this report.

Source: "United Nations Secretariat, "Inter-
ational Migration Trends, 1950-1970," The Popu-
Dimensions and Perspectives, Papers
of the World Population Conference, Bucharest,
1974, vol. 1 (United Nations publication, Sales
No. E/F/S.75.X111.4), p. 247.

percent in the 1950's to 20 to 25 percent during the
1970's.!2 s

Fortility. The general conceptual framework which underiies
the fertility sssumptions made in these projections is as

“follows:

1. The less developed countries will continue to make
moderate progress in socisl and economic develop-
" ment during the 1975-2000 period. .

¥ 2, Fertility will decline as foss developed countries pro-

- gress in social and economic development. In the long

run, the fertility level is expected to decline more or less
continuously, though with some temporary platesus.

. 3. Almost sli countries, which do not already do 30, will

" make family-planning services available to an appreci-
sble portion of the population during the 1976-2000
poriod sand those countries with family-planning
programs now in operation will extend coverage,
pnrticul!rly nrural sress.

4. Knowledge and methods of family limitation will be:
. come -better knowh snd will be more widely used
- among populations thst wish to reduce fertility. Ex-
pansion of family-limitation practices will expedite
the procets of fertility decline, and- in countries where
rapid socisl and economic progress and strong desires
for smaller families coincide, fertility dectine will be
very Tapid.

,Throe projection series for fertility were made for each
individual country or geographical area. In setting the high,

-

' 2In the official Census Burseu medium projection of the populs-

* tion of the United States, soma 12 million more people are expected

by the yesr 2000 if @ net migretion assumption is included in the
populstion projection than if no migration is ssumed. See U.S.

- Burssu of the Censur, Current Populstion Reperts, Series P-28,

No. 704, "“Projections of the Populstion of the United States: 1977 ta

080" MnNnyton D.C.: U.S. Goverrmaent Printing Office, 1977).
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medium, and low levels of fertility in the year 2000, some
general guidelines were followed:

1. The higher the level of fertility at the base date, the
widar the range of sssumed fertility levels in the yeor
~ N-2000.

2. The greater the uncertainty about the current fertility
levels and current trends, the grester the range of
ssumad ferzility lavels in the yeer 2000.

The three fertility projection series in this report did not

use any mathematical models of fertility changs; instead,
the sssumptions were made on » judgmental basis by demo-

graphers who have worked with the demographic and relsted

socioeconomic data for the individual countries for 8 number
of yesrs. For the lass developed countries for which indi-
vidual projections were made, the demographers set the
target fartility dicline by tsking into considerstion the
following factors:

—

. Current levels and recent trends in ferqility;

2. current levels and recent trends in social and sconomic
development;

3. current status and past performancs of family planning
and public heslth programs,

4. government policy on population related Matters;

5. recent fertility trands in co.untries with similar cultural,
social, and economic conditions and prospects; !

8. exprzssed “desired family size” in the populastion;

7. fertility ssumptions made by intemational agencies,

such as the United Nations and the World Bank.

in setting the target fertility levels and projection paths,
specisl consideration was given to fertility sssumptions made
in populstion projections prepared by national agencies and
universities in the countries under consideration. The rationale
was the belief that demographers in the individusl countries
may have 8 unique understanding of what are reasonabie
fertility leveis to expect in the future for their own country.
Such national projections for less developed countries were
available and were considered in making assumptions for
Brazil, Indonesis, Pakistan, the Philippines, South Korea,
and Thailand. With respect to the more developed countries,
aimost every country has made its own officil national
projection; with slight modifications in some inftances, these
official projections were used in this report.

After the fertility levels for the intermediate years were
determined for each projection series, the age patterns of
fertility were selected for the initial projection yesr and the
year 2000. Age-pecific fertility rates for the intervening
years were then chosen to reflect the level of fertility for
those years.

*. - slity. One mortality sssumption was used for all three
projection series, except for the People’s Republic of Chins.!?
Mortality estimates for the base year of the projections and
for the projection period were estimated from a variety of
seurces, including registered desths by age and sex, often
adjusted for undomcmmlon‘; survey or census dats on
deaths by age and. sex during the preceding yesr; or by
snalyzing age distributions of the population at one or more
points in time and applying sccepted demographic tech-
niques, e.g., stable population analysis or model life tables
to generate an sppropriste life table. in a few countries, such
s Nigeria, where no relisble information is svailable,
"guesstimates” s to the level of mortality and the appro-
priate modsel life table pattern were made, with considerstion
given to estimates that had been previously made by other
sgencies and resesrch centers.

Projections of mortality from the base year were generally
done in one of two ways: Either » target life expectancy at
birth {and a corresponding life table) was chosen for the yoor
2000 and life expectancies for the ysars between 1975 and
2000 were graphically interpolated; or the pettern and
degres of chenge in mortality from yesr to yesr was sssumed
with the eventual life expectancy in the yesr 2000 , esulting
from the projection process. Whether target life expectancies
were initislly chosen or whether the trend was initially )
chosen, considerstion was always given to the trends and
levels shown in already existing nastionsl projections, and
the mortality trends that have occurred in similar countries.
Target life expectancies for the yesr 2000 were sometimes
chosen to be the same as those siready achieved in “leading’’
countries, or previously sssumed in projections made by
other agencies and organizations.

' 2Since the People’s Republic of Chine 15 such e« large component
of (1) the World, (2) less developed countries, and (3) Asia and
Ocaenca, high and low mortality series differ from the medium series
for these thres sress as well. -
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Editor’s note: This material is taken from U.S. Department of Commerce, Bureau
of the Census, lllustrative Projections of World Populations to the 21st Century,

Washington: Government Printing Office, 1979, Apvendix B, pp. 95-116.

Sources of Base-Year Data and
Projection Assumptlo‘n{s

PEOPLE’'S REPUBLIC OF CHINA
Base Data
Bass date: January 1, 1953 P

Populstion. The populistion estimates and projections for
the People’s Republic of China were made by the staff of the
Foreign Demographic Analysis Division, U.S. Bureau of the
Census {1976). The base population dsta were derived from
the June 30, 1953 census, and sre besed on a model age-sex
distribution that was designed to refiect the probsble demo-
graphic history of China for the preceding three centuries.

Fortility level. Based on a model reconstruction of the
populstion of China, the crude birth rate was estimated to
be 45 per 1,000 in 1963. This_level of the crude birth rate
corresponds to an estimated total fertility rate of 8.1 children
per woman.

Mortslity level. A crude death rate of 22.5 per 1,000 was
sstimated for China in 1953. Model life tables were used
to derive an expectation of life at birth of sbout 40 years
for males, and 43 yeers for females.

Projection Assumptions

Fortility. In all series, the total fertility rate was estimated
to have declined by the year 1975, with the most rapid annuai
declines occurrif sfter 1968. The total fertility rate was
ssumaed to have declined by 1975 10 6.2 in the high series,
4.1 in the medium series, and to 3.1 in the low series.
Further declines are projected to occur between 1875 and
1985 by sbout 40 percént in each series resuiting in 8 total
fertility rate by 1986 of 3.1 in the high series, 2.6 in the
medium series, and 2.1 in the low series. These rates are
then atsumed to remain stable during the remainder of the
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" FIGURE B-1.
Total Fertility Rates for the People’s
Republic of China: Estimated 1953
TFR and Projected 1953-2090
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Mortality. In all series, life e ectancy st birth was sssumed
to have fluctuated erratically between 1953 and 1961. in the
high-projection series, life expectancy was sssumed to have
increased by 1535 to 42 years for males and 46 yesrs for
females. A steady t'se was projected for the remainder of
the projection period, reaching 60 and 64 years, respectively,
for males and females by the yesr 2000. in the medium-pro-
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jection series, life expectancy at birth was assumed to have
declined by 1961 for both msles and females to 38 and 41
years, respectively. Between 1961 and 2000, however, an
increase of aimost 75 percent has been projectsd which re-
sults in an expectation of life at birth of 65 years for males

and 69 years for females by the year 2000. In the low-series

projection, life expectancy falls between 1953 and 1961 to
34 and 37 years, respectively, for males and females. Life
expectancy at birth then doubles by the year 2000 to 70
years for males and 74 years for females.

Migration. No international m gration was assumed to have
occurred during the projection period.

Major Sources

7.

Foreign. Demographic Analysis Division, U.S. Bureau of the
Cemuiss. 1976. Population Estimates and Projections for the
Peopie's Republic of China. Computer printouts, unpub-
kished. .

U.S.S.R.
Base Daq’;,
Base date: January 1, 1975

Population. The population estimates and projections for
the US.S.R. were prepared by the staff of the Foreign
Demographic Analysis Division, U.S. Bureau of the Census
(1977). The base population data were derived from the
sge-sex distribution of the Janusry 15, 1970 census and
were subsequently adjusted on the basis of the single year
of age distribution for the U.SS.R. (U.S. Bureau of the
Census, 1973). Annual data on births, deaths, and net
migration were used to advance the population to the base
date (Central Statistical Administration). ’

Fertility level. Age-specific fertility rates for 1975 were from
official government sources (Central Statistical Administra-
tion, 1876, No. 11, p. 86). The total fertility rate for 1975
was estimated to be 2.4 children per woman.

Mortality level. Life table values for 1975 were derivad
from 1973-74 estimates of mortality rates (Central Statistical

' Administration, 1975, No. 12, p. 84). Life expectancy at

birth in 1976 was estimated to be 83.1 years for males and
73.8 years for females.

Projection Assumptions
Fertfity. The totel tertility rate of 2.4 in 1976 was assumed

" to hae incressed by the yesr 2000 to 2.7 in the high series,

E

and to have decressed to 2.3 in the medium series and to 1.9
in 'lh fow series.

RIC

.

FIGURE B-2.
Total Fertility Rates for US.SR.:
Estimated 1957-75 and Projected
TFR 1975-2000
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Mortality. in all series, life expectancy is assumed to increase
gradually during the Pprojection period by 2.5 years, resulting
in a life expectancy at birth in the year 2000 of 65.6 years
for males and 76.3 years for females.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

" Central Statistical Administration, Various dates. Vestnik

Stqti:tiki. U.S.S.. R. Council of Ministers.

Fore%&n Demographic Analysis Division, U.S. Bureau of the
Census. 1977. Estimates and Projections for the U.S.S.R.
Computer printouts, unpublished.

US. Buresu of the Census. 1973. international Population
Reports, “Estimates and Projections of the Population of -
the USS.R., by Age and Sex, 19502000, Series P-91,
No. 23. *

INDIA q 9

Base Data

Base dete: July 1, 1971
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Populstion. The base population data were derived from the
April 1, 1871 census adjusted for 2.7 percent net under-
snumeration. The 1961 and 1971 population censuses were
adjusted by a cohort analysis, accepting estimated levels of
mortality and fertility during the intercensal period. Assump-
tions wefe made concerning trends in the sex ratios for each
cohort dyring the 10-year period, by age and sex, from the
1971 Post Enumeration Check (Registrar General and Census
Commissioner, 1975, pp. 33-36).

Fertility level. The total fertility rate for 1971 is 2 weighted
average of 1969 urban and rural age-specific fertility rates
derived from the Sample Registration System (Office of the
Registrar General, 1972, pp. 7-and 32). The combined rates
were inflated to achieve an estimated c¢rude birth rate of
30 per 1,000 for 1971. The estimated crude birth rate was

based on a reported All-India rate from the Sample Registra-

tion System (Registrar General,” 1976, p. 2) and subsequently
inflsted by 5 percent (see Registrar General, 1974, p. 7, and
Registrar General and Census Commissioner, 1974, p. 10).

Mortality level. Empirical life tables for 1969 were derived
from age-sex specific death rates from the Sample Registra-
tion System (Office of the Regmrar General, 1972, pp. 58-
62 and 72-77). These rates were graphically smoothed
and adjusted using as a guide data from the National Sample
Survey (Cabinet Secretariat, no date, p. 16). Life expectancies

8t birth by sex for 1971 were derived by estimating protable
improvements in the life expectancies since 1969 and by
assuming that the age pattem of mortality was that implied
by the Coale-Demeny south region model life - tables at
equivalent levels of life expectancies (Coale and Demeny,
19686).

4

Projection Assumptions

Fertility. The total fertility rate of 5.7 in 1971 was estimated
to have declined by about 7 percent to 5.3 in 1975 in all
series, after considering the trend in crude birth rates from
1871 to 1975 from the Sample Registration System (Regis-
trar General, 1976, p. 2, and Chari, 1977, p. 4), By the year
2000, the rates were assumed to have declined to 4.5 in the
high series, 3.5 in the medium series, and 3.0 in the low
" sories. In the medium se:ies, the fertility rate for the year
2000 was assumed to approximate the “desired family
size” (between 3 and 4 children) in India as shown by data
from eres and national surveys conducted around 1970
{Reso and Mullick, 1974, pp. 326 and 342, and Nair, 1974,
PP 345355) The rate for the low series was sssumed to be
0.5 below the level of the medium séries. Both the medium
and the low series have approximately the same rates in the
year 2000 as those for the period 199£-2000 in the United
Nations medium and low variant projections, respectively
{United Nations, 1875, p. 150)“11\- high series was projected
to reflect a pemimistic view of the future direction of the
. Indian family planning program that has prevailed since the
March 1977 elictions and the advent of the new government

o0

FIGURF B-3.
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Mortality. In a!l series, life expectancy at birth was assumed
to increase frem §1.5 years to 62.7 years for males and from
50.8 years to 64.5 years for females between 1975 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality in
other countries of the region, United Nations projections,
ang expected improvemants in the social, economic, and
health sectors of the couitry.

Migration. No international migration was assumed to have
occurred during the projection period,

Major Sources

Cabinet Secretariat. no date. The National Sample Survey,
Fourteenth Round, July 1958 — June 1959. Fertility and
Mortality Ra:es in Rural India. Report No. 89. New Delhi.

Chari,,R. B. 1977. “Vital Statistics Systems in India.’’ Paper
prepared for Conference on Vital Statistics in Asia, May
9-13, Manila.

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University.
Princeton.

Nair, P. S. 1974. *'Desired Family Size: Correlates and Reli-
ability of Responses.” Demography india. Vol. 1ll, No. 2.
New Delhi.
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Office of the Registrar General. 1972. Messures of Fertility
end Mortality in India. SRS Analytical Series. No. 2. New
Dethi.

. Rao, Kemaia Gopal, and Saroj Muilick. 1974. Stydies in

Family Planning: indis. Abhinov Publications. New Delhi.

Registrar General. 1974. Age and Life Tabies (One Percent
Sample). Series 1- India. Miscellaneous Studies. Paper 2.
New Delhi.

. 1976. Sample Registration Bulletin. Vol X.
No. 1. New Delhi. :

Registrar Genersl and Gensus Commissioner. 1974. The
Population of India. National Population Monograph in
the CICRED Series. New Delhi.

. 1975. Censys of India 1971. General Popula-
tion Tables. Series 1 - India. Part 11-A (i). New Daih;.

United Nations. 1975. Selectsd World Demographic Indi-
cators by Countries, 1960-2000. ESA/P/WP.55. New York.

INDONESIA
Base Data
Base date: July 1, 1971

Population. The base population data were derived from the
September 24, 1971 census adjusted for 3.8 percent net
underenumeration. The 1961 and 1971 population censutes.
were adjusted using 8 cohort analysis, by age and sex, ac-
cepting estimated levels of mortality and fertility during the
intercensal period and sssuming certain trends of the sex
ratios in esch age cohort during the 10-year pericd;

Fertility level. The total fertility rate for 1971 was estimated )

by considering final and preliminary fertility estimates from
the 1973 Fertility-Monility Survey (University of Indonesia
Demographic Institute, 1974-76 and 1975), estimates derived
by the own-children method using dsta from the 1971 census
{Indonesia Central Buresu of Statistics, 1978, table 1.1),
preliminary data from Phase | of the 1976 Intercensal Popu-
lation Survey (East-West Populstion institute, 1977), and
preliminary results from Phass 1]l (World Fertility Survey)
of the 1978 Intercensal Populstion Survey for Java and
Bali. An sverage of the 1965-70 rate from the 1973 survey
and the 1967-70 rate estimated from the 1971 census own-
children data was-sssumed to apply to 1971. This level was
supported by the preliminary data available from Phase ||}
of the 1876 Intercensal Population Survey.

The age pattern of fertility for 1971 was sccepted from
the 1985-70 age-specific fertility rates from the 1973

ge) “ity-Mortality Survey.

Mortality level. Empiricel life tables for 1871 were derived
by applying the census survival technique to 1861 and 1971
census data (U.S. Buresu of the Census, 1975, pp. 9 and 10).

Projection Assumptions

Fertility. The total fertility rate of 5.7 in 1971 was assumed
to have declined by 10 percent to 5.1 in 1978, considering
preliminary results from Phase |l of the 1876 Intercensal
Population Survey and the change in the number of new
acceptors in the family-planning program between 1971 and
1976. The rate of 5.1 in 1976 was assumed to have declined
by the year 2000 to 4.0 in the high series, 3.5 in the medium
series, and 2.5 in the low series. The high and medium levels
were chosen after considering past trends in fertility and
assumptions made by the East-West Population [nstitute
{1977), the United Nations (1875), and the University of
Indonesia Demographic Institute (1973, p. 68) for their
population projections. The low level was chosen to yield a
crude birth rate in 2000 that is approximately 50 percent of
the 1971 crude birth rate which represents the goal of the
Indonesian National Family Planning Cootdinating Baard.

FIGURE B+4.
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Mortality. In all series, life expectancy at birth was assumed
to increase from 40 vears to 58 years for males and from
43 years to 60 years for females between 1971 and 2001.
After considering past trends in mortality, mortality trends
in other countries of the region, and projections made by
the United Nations (1975), the East-West Population Instl-
tute (1977), and the University of indonesis Demographic

o1 -.—
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Institute (1973, p. 68), the assumptions made by the Uni-
versity of “Indonesia for 2001 were accepted and subse-
quently interpolated for the year 2000.

Migration. No international migration was cssumed to have
occurred during the projection period.

Major Sources

East-West Populatior"{ Institute. 1977. Personal communi-
cation.

Indonesia Central Bureau of Statistics. 1976. Estimates of
Fertility and Mortality in Indonesia Based on the 1971
Population Census, by Lee-Jay Cho, Sam Suharto, Geoffrey
McNicoll, and S. G. Made Mamas. SP 76-L02. Jakarta.

United Nations. 1975. Selected World Demographic Indi-
cators by Countries, 1950-2000. ESA/P/WP.55. New York -

U.S. Bureau of the Census. 1975. Levels and Trends of Mor-
tality in Indonesia, 1961 to 1971. International Research
Document No. 2. Washington, D.C.

University of Indonesia Demographic institute. 1973. The
Population of Indonesia. National Populstion Monograph
in the CICRED Series. Jakarta.

. 1974-75. Indonesian Faertility-Mortality Survey
1973, Preliminary Report (Various provinces). Jakarta.

.1975. Levels and Trends in Fertility and
Childhood Mortality in Indonesia, by Peter F. McDonald,
Mohammed Yasin, and Gavin W. Jones. Monograph Series
No. 1. Jakarta.

BANGLADESH

Base Data
Base date: July 1, 1974

Population. The base population data are from the finai
March 1, 1974 census figure, adjusted for the 6.4 percent
net underenumeration found in the Post-Enumeration
Check (Bangladesh and United Kingdom, 1977, p. 3) The
total popuiation figure was then projected forward to
July 1, 1974, at a growth rate of 2.67 parcent, and an
appropriate age-sex distribution was derived from the ad-
justed 1974 census (Bangladesh and United Kingdom, 1977,
p.3). .

Fertility level, Age-specific fartility rate* for 1973 are based
on data from the 1974 Bangladesh Retrospective Survey of
Fertility and Mortaiity (BRSFM) for births occurring 12
months prior to the survey (Bangladesh and United Kingdom,
1977, p. 4). The unadjusted age-specific fertility rates were
then used ac a guide in selecting a model fertility pattern

Q rather than using them directly to obtain the age-specific
chnmty pattern. (Bangladesh and United Kingdom, 1g 2

pp. 160-163). 'The 1973 rate was then projected to the
base year date of 1974 (see following saction on propctuon

asumptuons)

Mortality level. A life table for the 5-year period preceding
the 1974 census was derived based on the application of
the Bras and Brass-Hill techniques to data on children ever
born, children surviving, orphanhood, and widowhood as

. reported in the 1974 BRSFM (Bangladesh and United

Kingdom, 1977, pp. 88-92). The life-table values were
assumed to apply to 1971, the midpoint of the 5-year period.
The 1971 expectancies were then projscted to the bass-year
date of 1974 (see following section on projection assunwp-
tions). .

Projection Assumptions .

Fertility. The total fertility rate of 7.1in 1973 was assumed to
have declined to 7.0 for all series by 1975. A further decline
was projected for the'year 2000 to 5.0 in the high series,

"4.3 in the medium series, and 3.5 in the low series. The same

range of projected rates was assumed for both Bangladesh
and Pakistan. Since Bangladesh is currently at a lower devel-
opmental stage than Pakistan, there is a tendency to assume a
slower fertility decline in Bangladesh However, because of
the immense populstion pressure' and the emphasis on ster-
ilization as a means of birth control in Bangladesh, it was
sssumed that fertility decline would occur at approximately
the same pace for both rountries.

' Bengladesh has approximatsly 8 million more people than Paki-
stan and less than one-fifth the land srea.

FIGURE B-5.
Total Fertility Rates for Bangladesh:
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Mortality. In all series, life expectdncy at birth was assumed
to increase from 45.8 years to 53.5 years for males and from
46.6 years to 54.5 years for females between 1971 and 2000.

, The life expectancies at birth for the year 2000 were 2sti-
mated considering past trends in mortal'ity, mortality trends
in other countries of the region, United Nations mortality
projections, and expected improvements in the social, eco-
nomic, and health sectors of the country. The life expec-
tancy of both sexes in 2000 is at the same level as the United
Nations medium variant of 54 years.

Migration. No international migration was assumed to have
occurred during the projection period. Hg
A

Major Sources

Bangladesh, Census Commission and Ur..ed Kingdom,
Ministry of Overseas Development. 1977. Report on the
1974 Bangladesh Retrospective Survey of Fertility and
Mortality. London.

“United Nations. 1965. Population Bulletin of the United
Nations, No. 7 - 1763: With Special Reference to Condi-
tions and Trends of Fertility in the World. New York.

PAKISTAN
Base Data ‘
Base date: July 1, 1972 N

Population. The base popuiation data were derived from the
final September 16, 1972 census figures (Census and Regi-
stration Organization) and a July 1, 1972 population was
estimated, assuming an annual growth rate of 3.0 percent. An
age-sex distribution was then derived by applying the per-
centage distribution of an interpolated 1972 United Nations
medium-variant population. Although the reported age-sex
distribution from the 1972 census was available, it was not
used since it appeared to be unrealistic. )

Fertility level. Age-specific fertility rates for 1972 were based
on 1974-75 rates from the Pakistan Fertility Survey which
was conducted in 1975 (Population Planning Council of Paki-
stan, 1976, table 3.7 and appendix tables 1.1, 1.3, and 2.2.1
(a}). The rates were adjusted using the Brass technique which
resulted in a total fertility rate of 6.93. These rates were
graphically extrapolated back to 1972, the date of the bench-
mark population.

Mortality level. The mortality level was based on a life table
constructed using data from the 1862-65 Population Growth
Estimation (PGE) Experiment {Technrical Sub-Committee
for Planning Division, 19§8).

Projection Assumptions

Fertility. The total fertility rate of 7.0 in 1872 was assumed
Ive declined to 6.9 by 1975. By the year 2000, the rates

. 93

were assumed to have declined to 5.0 in the high series,
4.3 in the medium series, and 3.5 in the low series. In the
medium series, the fertility rate for the year 2000 is approxi-
mately at the level of the United Nations medium variant.
The low-series projection for the year 2000 is the same as the
India medium-series projection. The high series projected
rate of 5.0 for the year 2000 was chosen so that the medium
series projected rates would be equidistant between the high
and low serles.

FIGURE B-6.
Total Fertility Rates for Pakistan:
Estimated 1960-75 and Projected
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Mortality. In all series, life expettancy. at birth was assumed
to increase from 47.8 years to 62.5 years for males and from
45.1 years 10 64.3 years for fernales between 1964 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering mortality trends in other countries of the
region, United Nations mortality projectlons, and expected
improvements in the social, economic, and health sectors bf
the country. The life expectancy of- both séxes in 2000 is
approximately at.the same level as the United Nations
medium variant, 63.0 years.

Migration.No international migration was assumed to have
occurred during the projection period.

Major Sources
Census and Registration Organization. 1977. Unpublished
computer printouts.
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Population Planning Council of Pakistan. 1976. Pakistsn
Fertillty Survey, World Fertllity Survey, First Report.
Lahore.

Technical Sub-Committee for Planning Division. 1968. *‘Pop-
ulation Projections for Pakistan.” Karachi.

PHILIPPINES

Bass Data
Base date: July 1, 1970

Population. The base population data wer2 derived from
the May 6, 1970 census adjusted for an estimated 1.9 per-
cent net underenumeration, and projected to the midyea~ by
considering estimated levels of fertility, mortality and
migration, and the 1960-70 and 1970-75 jntercensal growth
rates. The 1970 census was adjusted by distributing the total
population figures by age and sex based on a 5percent
sample of census returns (Bureau of Census and Statistics,
1972). The resulting age-sex distribution was smoothed for
age misreporting and the population under 10 years of age

was estimated based on assumed birth rates and survival
\\ratios for the 10 years preceding the census. '

Fortility level. The age-specific fertility rates for the 1968
72 period are from the 1973 National Demographic Survey
{Concepcion, 1974, table 1) and were accepted as accurately
representing the level and pattern of fertility in 1970.

Mortality level. The 1970 male and female life tables used
were those estimated by Engracia (1974, table 1).

Projection Assumptions

Fertility. The total fertility rate of 5.9 in 1970 was assumed
to have declined by the year 1975 to 5.4 in the high series,
5.1 in the medium series, and 4.8 in the low series. In the
high series, the rate for the year 1975 was based on the aver-
age of the 1970-75 and 1975-80 period rates from the Na-
tionsl Census and Statistics Office (1974a; tabie 8) medium-
projection series. In the medium series, the rate for the year
1975 was based on a rate necessary to be consistent with the
1975 preliminary census figure (inflated for 1.9 percent
underenumeration), given assumed trends in’momlity and
migration between 197C and 1975. In the low series, the
rate for 1975 was based on an extrapolation of the average
annual trend found in the Philippine Area Fertility Study
between 1968 and 1974 (Flieger, 1977). The total fertility
rates for 1975 were assumed to have declined further by the
year 2000 to 3.8 in the high series, 3.2 in the medium series,
and 2.5 in the low series. In the high and low seriss, the rates
for the year 2000 were based on-an extrapolation of the

.1985-2000 period rates from the University of the Philippines

Population Institute medium |1 and low |1 series, respectively

2000 was based on a graphical extrapolation of the average
1996-2000 period rates from the high and low series. Total
fertility rates for the intermediate years were obtained by
graphical interpolation between the 1975 and 2000 lavels.

FIGURE B-7.
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Mortality. In all series, life expectancy at birth was assumed
to increase from 55.2 years to 66.0 years for males and from
60.9 years to 72.8 years for females between 1970 and 2000.
The life expectancies at birth for the year 2000 were esti-

.mated by extrapolating the 1970 leve! for both sexes accord-

ing to the University of the Philippines Popustation Institute
assumption of an average annual increase of approximately
0.4 years (Boulier, 1977). The resulting life expectancy at
birth for both sexes in 2000 was split by the 1970 ratio of
male and female life expectancies to the 1970 life expec-
tancy for both sexes.

}

Migration. Estimated net international migration for the
1970-75 period was based primarily on data cn immigrants
to the United States and Canada {U.S. immigration and
Naturalization Service, 1971 and 1972, table 9;and Canada,
Manpower and Immigration, 1970, table 9). It was assumed
that the small amount of immigration to the Philippines, as
exhibited by lifetime migration between 1965 and 1970
(National Census and Statistical Office, 1974b, table V-1 1),
was offset by Philippine emigration to other countries.

No international migration was assumed to have occurred

O Joulier, 1977). In the medium series, the rate for the year during the 1976-2000 projection period.
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Major Sou~ces )
Béu'tior, Bryan L. (Princeton University.. 977. Perscnal
cofnmunication.

‘
Bureau of Census ard Statistics. 1972. National Summary,
Phillippines 1970 Censui of Population and Housing. Ad-
vance Refort. Manila.

Cenada, Nanr  or and Immigration. 1970. 1970 Immigra-
tion Statistive. Ottawa.

* Concepcion, Mercedes”8. 1974. Changes in Period Fertility
81 Gleaned from the 1973 NDS. Population institute, Uni-
vertity of the Philippines: Research Note No. 13. Manila.

Engracia, Luisa T. 1874. Estimates of the Life Table Func-
tions of the Philippines: 1970. UNFPA-NCSO Populatic
Research Project. Monograph No. 1. Manila. .

Flieger, Wilhelm. (University of San Carlos, Philippines).
1977. Persona! communication.

National Ce s and Str-'stics Office. 1974a. Age and Sex

Population Projecuons v the Philippines by Province:
1970-2000. UNFPA-NCSO Population Research Project.
Munograph No. 2. Manila.

. 1974b. Philippines 1970 Census of. Population
and Housing. National Summary, Vol. 2. Manila.

U.S. Immigration and Naturalization Service. 1971. 1870
Annual Report. Washington, D.C.

. 1972, 1971 Annusl Report. Washington, D.C.

THAILAND
Base Data
Base date: July 1, 1970 i

Population. The base population data were derived from he
April 1, 1970 census adjusted for 6.6 percent net under-
enumeration as estimated by a cohort analysis of the 1960
and 1970 censuses and accepting intercensal trends in fer-
tility and mortality.

Fertility level. Age-specific fertility rates for 1970 were de-
rived from an average of the 1968-69 and 1971.72 period
sge-specific marital fertility rates, by urban and rural areas
reported in the Thai Longitudinal Study (Knodel and
Pitaktepsombati, 1975, table 10), and wer. weighted to a na-
tional ievel by the proportion of females * sach age group
who were married and:living in urban and rural areas accord-
ing to the 1970 census (Natioral Statistical Office, 1973,
table 5). The resuiting pattern of fertility for 1970 va., ad-
Jjusted slighuly for irregularities.

Mortality level. Life tblas . - e constructed for 197.' Yased
on levels of life expectancy st birth by sex and were esti-
EKCM by a graphic stable pnpulstion technique and age-

sex patterns of mortality based on observed changes in mor-
tality patterns between 1964-65 and 1974-75 as shown in
life cables from the Survey of Population Change (National
Seatistical Office, no date, table 7, and 1976b, table 6),
adjusi~d by the logit technique (Brase and Coale, 1968, pp.
127-135).

Projections Assumptions

Fertility. The total fertility rate of 5.9 in 1970 was assumed
to have declined by the year 1976 to 5.1 in the high series,
4.9 in the medium series, and 4.7 in the low series. !n the
high serias, the 1976 rate was based on the assumption that

. the rate of decline between 1975 and 1976 would be 75

)

percent of the average annual rate of dec!ine exhibited by the
1970 estimated rate and the 1974 75 rate reported in the
Survey of Population Change (National Statistical Office,
1976b, table 4). in the low series, the rate for 1976 was
derived by taking into consideration the average of the
1970-75 and 1£75-8Qperiod tutal feriility rates (derived from
reported general fertility rates) from the National Statistical
Office (1976a, table 1), and results from the Survey of
Fertility in Thailand {Institute of Popuiation Studies, Chula-
longkorn University, and Natibnal Statistical Office, 1977,
table 22). In the medium series, the rate for 1976 assumed an
accaluration of the, decline in the tes betwean 1964-85
(Nstional Statistical Office, no date, table H} and 1970,
taking into consideration the average of the high and low
series for 1975,

FIGURE B-8.
Total Fertility Rates for Thalland:
Estimated 1960-70 and Projected
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PROJECTION ASSUMPTIONS

The rates for 1976 were assumed to have declined further

by the year 2000 to 3.9 in the high series, 3.7 in the medium
series, snd 2.4 in the low series. In the high series, the rate
for. the year 2000 was based on the assumption that the
1974-75 rate reported in the Survey of Population Change
(National Statistical Office, 1976b, table 4) would decline by
25 percent. The rate for the year 2000 in the medium series
was based on an average of the 1995-2000 and 2000-05
period total fertility rates (derived from reported general
fertility rates) from the National Statistical Office {1976a,
table 1) medium- and low-projection series. The rats for the
year 2000 in the low series was based .- the werage of the
1995-2000 and 2000-05 period rates (derived from reported
general fertility rates) from the National Statistical Office
(19764, teble 1) low projection series.

Mortality. In all s ‘e expectancy at irur was assumed
to increase from. . « $t057.3 years for males and from
50.5 years to 60.7 years for females beiween 1970 and 1976
based on estimated trends between the 1970 and 1974-75
life expectancies at birth, by sex. In all series, life expectancy
at birth was assumed to increass from the 1976 |evels to 65.2
ydars for males and to 69.0 years for females by 2000. The
life expectancies at birth for e y*ar, 200G v/ere astimated
by extrapolating the 1975 estimatec level for both sexes by
the National Statistical Office (1976a, p. 2) assuming an
average annual increase of 0.33 years. The resulting levels
were then estimated by sex based on the 1974-75 life ex-
pectancies by sex. :

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources -

Brass, William, and Ansley J. Coale. 1968. Chapter 1il in
William Brass, et al., The Demugraphy of Tropical Africa.
Prince ©on.

In~t*u 2 of Population Studies, Chulalongkorn University,
ana National Statistical Office. 1977. The Survey of Fer-
tility in Thailand: Country-Report. Vol. |. Bangkok.

iKnodel, John, and Pichit Pitaktepsombati. 1975, "Fertility

and Family Planningin Thailand: Results from Two Rounds
cf a National Study " Studies in Family Planning. Vol. 6,
No. 11, :

National Statistical Office. N> date. Report of the Survey of
Population Change, 1954-65. Bangkok.

. 1973. 1970 Population and Housing Census.
Whole Kingdom, Bangkok.

— . 19762 Population Projection for Thailand,
1970-2000 (Whole ¥ ingdom). Bangkok.

. 1976b. The Survey of Population Change:

@ 1974-75. (Thai Version). Bangkok.
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SOUTH KOREA
Bass Data

Base date: July 1, 1970

Population. The base population data were from the Octo-
ber 1, 1870 census adjusted for 5.1 percent net underenum-
eration, and estimated at the midyear. The census wes ad-
justed based on the results of the 1970 Post-Enumeration
Survey, estimated sex ratios, and estimated births from
1860 to 1970.

Fertility level. Age-specific ferti)ity rates for 1970 were based
on the results of the 1971 Fertility-Abortion Survey (Korean
Institute for Family Plannir., 1976, Appendix A).

Mortality level. Life tables were constructed for 1970 based
on estimates of expectation of life at birth and the mortality
pattern in the 1966 life tables. These 1966 life tables ware
derived from data from the 1966 Special Cemographic Sur-
vey (Republic of Korea Economic Planning Board. 1970).
The estimates of life expectancy for 1970 were derived by .
graphic extrapolation of life expectancies from the adjusted
1966 life tables, taking into account estimates »f life expec-
tancy for both sexes for 1970.

Projection Assumptions
Fertility. The total fertility rate of 4.5 in 1970 declined to

.44 in 1872, and was assumed to have declined by 1976 to .

3.8 in the high seriss, 3.6 in the medium series, and 3.2 in

— \
FIGURE B-9.
Total Fertility Rates for South Korea:
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THE POPULATION SECTOR (BUREAU OF THE CENSUS)

the fow series. in the medium series the fertility rats for
1976 was pased on the assumption that the average annual
dechine in fertility between 1872 and 1976 was the same as

the decline obs~rved between 1960 and 1966 (Korean In-

stitute for Far:: ¢ Planning, 1976, Appendix A), a time of
rapidly declining fertility. The change during the 1960-66
period was chosen because there was some indication that
fertility began to decline rather rapidly after 1972. The
1976 rate for the high series was assumed to be 5 percent
higher than the rate for the medium series and the rate for
the low series was assumed to be 10 percent lower than the
rate for the medium series.

It was assumed that the 1976 rates would decline by the
year 2000 to 3.1 in the high series, 2.5 in the medium series,
and 2.1 in the low series. The high and medium levels were
chosen after considering past trends in fertility, and assump-
tions made by *he East-West Population Insutute (1977)
and the United Nations (1975) for their population pro-
jections. The fertility rate for the low series was based on the
assumption that a net reproduction rate of 1.00 would be
reached in the year 2000,

Mortality. In all series, hife expectancy at birth was assumed
to increase from 62 years to 70 years for males and from 68
years to 74 years for females between 1970 and 2000. The
life expectancies at birth for the year 2000 were estimated
considering past trends in mortality, and projections made by
the United Nations (1975) and by the East-West Population
Institute (1977}

Migration. Estimated net international migration for the
1970-75 period was based primarily on data on immigrants
to the United States and Canada from the Republic of Korea
between 1970 and 1975.{U.S. Immigration and Naturaliza-
tion Service, various years, and Canada, Manpower and Immi-
gration, various years).

"No internation migration was assumed t& have occurred
during the projection period.

i

Major Sources

Canada, Manpower and Immigration. Various years. Immigra-
tion Steiistics. Ottawa,

East-West Popu|ati-on Institute. 1977. Personal communica-
ti

Korean Institute for Family Planning. 197£. The Increasing
Utilizstion of Induced Abortion in Korea, by Sung-Bong
Hong and Walter B. Watson. Seoul.

Republic v Korea Economic Planning Board. 1970. A Com-
prehensive Study on 1966 Population Census. Seoul.

United Nations. 1975. Selsctad World Demographic Indica-
tors by Countries, 1960-2000. ESA/P/WP.55. New York.

U S. Immigration and Naturalization Service. Various years.
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EGYPT - .
Base Data
BasewDate: July 1, 1975

Population. The base population data were derived from the:

preliminary count of the November 1976 census, and were
estimated for July ¥, 1975, based on registered births and
deaths, adjusted for underregistration (see below). Since only
a preliminary 1976 census total was available” no attempt
was made to adjust for coveragR error. Because no age distri-
bution from the 1976 census wal\available, the distribu-
/(n for 1975 from the United Nations medium variant
pro;ect:ons was accepted (United Nations, 1976) as the base-
year age dnstnbutnon _
Fertility level. Age-specific fertility rates for 1975 were based
on the registered number of births for 1975, adjusted for a 2-
percent underregistration, and an estimate of the female
population by age. Underregistration of births was estimated
considering the level of underregistration during the periad
1956-60 as estimated by Valaoras (1972, p. 22) and the trend
of improvément. in registration as estimated by Acsadi and
Issa (197 ., p. 23). The age pattern of fertility was assumed

. to be tha: of 1973, the last year for which data on blrths by

age of mother are available.

Mortality level. A life table was constructed for 1975 based
on preliminary data on registered deaths for that year, ad-
justed for 4-percent underregistration. Underregistration of
deaths was estimated considering the levels and trends of
registration completeness as estimated by Valaoras (1972,
p. 22) and by Acsadi and Issa (1975, p. 23). The Coale-
Demeny north region model life table (Coale and Demeny,
1966) was found which, when applied to the 1875 estimated
age distribution, gave the correct number of deaths for ages
1 and over. An infant mortali¥y rate was calculated from
an estimate ot the number of infant deaths and adjusted reg-
istered births.

Projection Assumptions

Fertility. The total fertility rate of 5.8 in 1975 was assumed
to have declined by the year 2000 to 4.6 in the high series,
3.6 in the medium series, and 2.6 in the jow series. In the
medium series, the rate for the year 2000 was based on the
ideal family size in Alexandria in the mid-1960's and in
Cairo in 1970 (Toppozada, 1973, p. 316, and Khalifa, 1973,
p. 431) adjusted downward 10 percent te allow for infer-
tility end for an expected decline in the desired family size
as the actual level of fertility declines. The 3.6 figure is also
the same as that for 1995-2000 in the United Nations
medium-variant projections (United Nations, 1975). The rate
for the year 2000 in the high and low series was assumed
to be * one child from that for the medium series. A large
range between the high and low series was choser because of
the great uncertainty in future fertility trends in Egypt. The
large fertility decline that had been taking place in Egypt
since the mid-1960’s ended abruptly in 1972, and since then
fertility has been rising sharply. Although all three series

l: KC nusi Report. Washington, D/\(E 5 7
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asume this fertility rise will sbate, they differ by how rapidly
it Is arsumed fertility will return to the 1972 levels.

N »
e e”
FIGURE B-10.
_* Total Fertility Rates for Egypt:
7% Estimated 1968-75 and Projected
TFR 1975-2000 . /
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Mortality. In all series, life expectancy at birth was assumed
to increase from 53:67years to 62.5 years for inales and from
54.9 years to 65.0 years for ferhales between 1975 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality trends
in other countries of the region. United Nations projections,
and expected improvements in ‘the social, ‘economic, and
- health sectors of the country. -

Migration. No international migration was assumed to have
occurrad during the projection period.

Major Sources

Acsadi, G. and M.ﬁ. issa. 1975. Considerations on Arabic
Model Life Tables and Egyptien Mortality. Cairo Demo-
graphic Centre Seminar on Mortality Trends and Differ-
entials in Some Arab and African Countties. Cairo.

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables snd Stable Populstions. Princeton University
Press, Princaton. -

Khatifs, Atef M. 1973. A Proposed Explanation of the Fer-
tility Gep Ditferentiais by Socio-Economic Status and Mod-
emity: The Case of Egypt.” Populstion Studies. Vol. 27,

Q lo. 3. London.
o8

——

Toppozada, H.K. 1873. “Research in Family Planning in
Alexandria.”’ In Egypi: Population Problems and Prospscts,
edited by Abdel R. Omran. Carolina Population Center,
University of North Carolina at Chapsl! Hiil.

United Nations. 1975. Selectsd World Demographic Indice-
tors by Countries, 1960-2000. ESA/P/WP.55. New York.

. 1876, Pos ' tion by Sex and Age for Regions
. and Countries, 19520 !, As Assessed in 1973: Medium
Variant: ESA/P/WP.60. New York.

Pl

Valaoras, V.G. 1972. Population Analysis of Egypt (1936
70). Occasional Paper No. 1. Cairo Demogrzphic Centre.
Cairo. .

NIGERIA
Base Data

Base date: July 1, 1975

Population. The base population data are from the United
Nations medium-variant projections of the population by age
and sex for 1975 "Jnited Nations, 1976b). The United
Nations states that the total population estimate for 1975
is “'based on results of the census of 5-8 November, 1973,
including adjustment for estimated overenumeration’
{United Nations, 1976a, table 3, note 31). The implied
net overenumerati